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NAVAL ENGINEERING PROGRESS. 


A LECTURE BY ENGINEER-IN-CHIEF H. I. Cong, U. S. N., 
BEFORE THE U. S. NAVAL WAR COLLEGE, 
AUGUST 9, IQIO. 


MR. PRESIDENT AND GENTLEMEN : 

In my paper today I am endeavoring to place before you in 
a brief and general way the developments of the past year in 
naval engineering, notably those affecting strategy and tactics. 


SCOUT TRIALS. 


Extensive trials have been carried on with the Birmingham, 
Chester and Salem—scout cruisers, similar in design except 
as regards their machinery installation. The Birmingham 
has reciprocating engines on two shafts; the Chester, Parsons 
turbines on four shafts, and the Sa/em, Curtis turbines on two 
shafts. The boilers on the Birmingham and Salem are 
identical in design, while those on the Chester are of similar 
type. (See Plate 4 on page 828, J. A. S. N. E., August, rgro.) 

A brief of the economic results obtained in these trials is 
shown in the following table : 
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STEAM-CONSUMPTION TRIALS OF THE “ BIRMINGHAM,’ ‘‘ CHESTER’’ 
AND ‘‘ SALEM.”’ 


Pe | Bi irming , Chester. Salem. 
Item. 2 engines. 6 turbines. 5 turbines. 4 turbines. 2 turbines. 
Type of engines and | Four-cyl.| Parsons | Parsons Parsons, Curtis 
number of turbines | triple-ex-| turbine, turbines, | two high- turbines, 
in use. | pansion (with high-| without | pressure | on two 
vertical | press.and|high-pres. and two | shafts. 
| inverted |intermed.| cruising low- 
engines. | pressure | turbine. | pressure 
cruising turbines. 
turbines. 
Number of shafts...... 2 3 4 4 2 
Speed, knots............ | 10.03 10.15 10.43 10.15 10.01 
Revolutions per min.. 74.3 206.3 | 212.2 206.8 139.3 
TBE, Pvcesceces socccsssvees ee eee as ae eee aes 
Shaft horsepower.....—...... 908.0 828.5 746.6 719.6 


Pounds of water per 

H.P. per hr. main 

engines only......+«. 20.94 28.1 40.95 44.9 42.0 
Pounds of water per 

H.P. hour for all 

purposes.. , 32.44 53-28 58.39 63.87 62.73 
Total water per hour, 

main engines only.. 21,988.0 | 25,492.0 | 33,927.0 | 33,539.0 30,1820 
Total water per hour, | 

for all purposes.....| 34,069.0 | 43,761.0 | 48,380.0 | 47,690.0 | 45,144.0 


Speed, knots............ | 24.15 18.03 22.62 24 67 25.12 
Revolutions per min..| 191.5 379.0 481.4 542.5 369.8 
Robe W ectessenndzcsspenstiee SE Bee err tae, nee ae 

Shaft horsepower...... esis 5,699.0 | 12,467.0 | 18,544.0 | 18,070.0 


Pounds of water per 

H.P. per hr., main | 

engines only......... | 17.42 16.5 12.79 13.7 16.2 
Pounds of water per 

H.P., for all pur-| 

NE arsccdmncincecess 20.44 20.26 15.07 15.96 18 89 
Total water per hour, | 

main engines only..|253,372.0 | 94,082.0 159,435.0 253,662.0 292,751.0 
Total water per hour, : 

for all purposes..... |297,300.0 |115,458.0 |187,933.0 296,054.0 341,486 0 


At a speed of about ten knots the total water per hour for 
the main engines only is 21,988 pounds for the Birmingham, 
25,492 for the Chester and 30,182 for the Salem. 

On full power, with respective speeds of 24.15, 24.67 and 
25.12 knots, this water‘consumption is 253,372 pounds for 
the Birmingham, 253,662 pounds for the Chester and 292,751 
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pounds for the Salem, or 17.42 pounds per I.H.P., 13.7 pounds 
per S.H.P. and 16.2 pounds per S.H.P., respectively. 

The speeds on contract trials were: Birmingham, 24.325 
knots; Chester, 26.52 knots; Salem, 25.947 knots. 

An interesting point developed in the trials is the economy 
obtained in the Parsons system by the use of cruising turbines 
at low power. These cruising turbines have been omitted in 
recent British designs. At 1o knots, with the cruising tur- 
bines, a water rate of 28.1 pounds per S.H.P. was obtained, 
while without the cruising turbines this increased to 44.9 
pounds per S.H.P. 

In comparing the results of these trials it should be remem. 
bered that the Curtis turbines of the Sa/em represent a much 
earlier period of development than do the Parsons turbines of 
the Chester. 


STEAM TRIALS OF THE “ DELAWARE” AND “NORTH 
DAKOTA,”’ 


The trials of the Delaware and North Dakota present an 
interesting study in similar ships of the comparative efficien- 
cies of reciprocating engines and Curtis turbines in battleships. 
These results are shown briefly in the following table: 


COMPARISON OF TRIAL RESULTS OF THE ‘‘ DELAWARE’’ WITH RECIPRO- 
CATING ENGINES, AND THE ‘‘ NorRTH DaKOTA”’ 
WITH CURTIS TURBINES. 


| Dela- | North | Dela-| North | Dela- | No»th 


ware. Dakota.| ware. | Dakota.| ware. | Dakota. 





| 
| 

Speed, antes eee | 12.24 12. | 19.225 | 19.245 | 21.563) 21.64 
| | | | | 








ater per indicated horsepower per “hour, | 

main engines only, pounds..........0.-+++e000e | 15.32 20.6 12.99 | 12.7 13.42 | 138 
Water per indicated Bilas per hour, | } | | 

for all purposes, POUNAS........-+000+ server eereee 21.05 23.94 14-52 | 15.92 | 14.8 | 14 408 
Total water a hour for main — only, | | 

pounds .. 55,000 | 76,000 | 205,000 | 238,000 | 312,000 | 349,000 
Total water. ‘per “hour for all purposes, ‘| | | 

pounds .. | 83,463 | 90,984 | 250,549 | 266,711 | 422,931 | 450,965 
Total water per knot, ‘main engines oo | | | 

pounds.. eoee 4,494 6,281 10,663 | 12,367 14,469 16,128 
Total water ‘per “knot, 1 “for “all purposes, } | | | 

pounds .. 00 cosceececceceee cesses 6,819 | 7,519 13,033 | 13,859 | 19,614| 20,839 


The Delaware, which is our latest and perhaps last recip- 
rocating-engined battleship, showed such an excellent per- 
formance on her contract trial that there is doubt in the minds 
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of some of us as to the superiority of the turbine for a battle- 
ship of that type and speed. The steam consumption per 
I.H.P. of the main engines was 15.48 pounds at 12 knots, 
12.7 pounds at 19 knots and 12.9 pounds at 21 knots. 

As compared with the North Dakota the main engines of 
the Delaware showed a smaller steam consumption at all 
speeds, and at 12 knots this superior economy amounted to 
about one-third the total consumption. Translated into 
cruising radius, this superiority, if maintained on service, is 
significantly important. 

The principal improvements in the De/aware’s machinery 
over that of her predecessor’s consist in: 

(a) Improved cylinder ratios and reduced clearance in main 
engines ; 

(b) Forced lubrication of main bearings, crank pins, eccen- 
trics and crosshead pins ; 

(c) The use of superheated steam. 

Forced lubrication similar to that of the De/aware is being 
applied to the older vessels. During the present year it will 
be fitted to the Vermont, New Hampshire, Georgia, North 
Carolina, California and Colorado, and, if it proves success- 
ful, as rapidly as possible to the other armored vessels of the 
fleet. ‘ 

Some difficulties have developed in connection with the 
use of superheated steam, due to erosion of valves in the steam 
lines of the Delaware, and there is still some doubt as to 
whether the economy gained is not counterbalanced by the 
increased difficulty of maintenance of plant. We are experi- 
menting with metals suited to high temperatures, and hope 
to find a valve material to overcome these troubles. 


THE BACKING POWER OF TURBINES AS COMPARED WITH 
RECIPROCATING ENGINES. 


In the beginning of our experience with turbines our 
attention was naturally centered on their engineering charac- 
teristics, such as steam consumption and details of construc- 
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tion and operation. With the satisfactory development of 
these elements, we have been able to devote more attention 
to the tactical features involved as affecting the ease of hand- 
ling of turbine vessels. 

With reciprocating engines a backing power equal to the 
ahead power is afforded without any increase in weight ex- 
cept that of the backing eccentrics, rods and links. With 
turbines, however, the ability to reverse requires additional 
turbines, with a considerable increase in weight. 

It is necessary, therefore, to restrict the backing power of 
turbines to that actually required by tactical considerations. 
The intention has been to provide a backing power estimated 
at 50 per cent. of the ahead power. In practice, however, 
the backing power of turbine vessels has been found not to 
exceed 40 per cent. of the ahead power. 

Trials have recently been held with the three scout cruisers 
to determine the sufficiency of the backing power provided 
by Parsons and by Curtis turbines, and as compared with that 
obtained by reciprocating engines. The basis of comparison 
has been taken as the distance head reached by the vessel 
during the interval required to bring her dead in the water 
from a given speed ahead. 

These trials were conducted with great care and thorough- 
ness, the condition of displacement, sea, speed, and number 
of boilers in use, were practically identical for all, and the 
results may be taken as an authoritative indication of the 
relative backing powers of the three types of machinery as 
now installed. 

The speeds selected for the trials were 10, 16, 22 and 24 
knots. Three runs were made by each vessel at each of the 
two lower speeds, two runs at 22 knots, and one run at the 
high speed. At each speed only the boilers required for a 
sustained run at this speed were used. 

There was no bottling up of steam preparatory to backing, 
and no speeding up of blowers during the backing interval. 
It was required that the boiler pressure be not reduced to 
such extent as to cause priming. 

The results are shown in the following table: 
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COMPARATIVE BACKING DaTa U. S. S. ‘‘ BIRMINGHAM,’’ ‘‘ CHESTER’’ 
AND ‘‘SALEM.”’ 


Time to stop from Distance 


. : , h 
Displacement. instant of signal for cod 
reached in 
| reversal. 


} ship lengths. 
B. Cc. Ss. a + & . 2. S. Ss. B. c Ss. B. | C.| S. 
| | 4 


Mean draught. 


S i ‘ >. 
Speed in knots. feet and inches. 











10.00 9.85 | 10.00 |19-07.25 | 19-08 | 19-08 | 4,855.5 | 4,950 4,877 | 1:10.3 | 1:52.7 1:20.4 | 1.5 
16.07 | 15.79 | 16.00 | 19-07 | 19-07 | 19-07| 4,851.0 | 4,842 | 4,846) 1:21 2 2:06 1:27 3 | 2.6 
21.75 22.09 | 22.00 |19-06.5 | 19-04 | 19-07| 4,835-5 | 4,785 | 4,846 | 1:03.0 2:08.5 | 1:37.03 0 
23 40 | 24.25 | 24.00 |19-06.375| 19-04 | 19-07| 4,832.5 | 4,785 | 4,846 | 1:09.0 | 2:31 1:40.5 | 3.2 


owes N 
newer 
+ 


It will be noted that at all speeds the reciprocating engine 
provides better backing power than the Curtis turbines, and 
that the latter is superior to the Parsons turbine. 

The commanding officer of the Chester (with Parsons tur- 
bines) states: ‘‘ However, under all the usual experiences of 
service, I have felt, during the past four months’ experience, 
no uneasiness as to the adequacy of the backing power, pro- 
vided I always had six boilers in operation.” The Chester 
has twelve boilers, and on the trials six were used at 10 knots 
with natural draft. 

The adequacy of the Chester’s backing power is, I believe, 
debatable, and I submit it to you gentlemen, it being a tacti- 
cal rather than an engineering question. 

The average time required for reversing and the fall in 
boiler pressure during the backing interval were as follows: 


Average time to reverse, Average drop in boiler 
in seconds. pressure, pounds. 
Reciprocating engimes...........0..seee-ee 5.1 None. 
Parsons turbines....... Gheaapaiices oxeaustintes 8.2 82.4 
Curtis tutbimes... ....c0ssccsossoce seoces cocose 39.2 75.8 


In the case of the Birmingham the average boiler pressure 
at the end of the backing interval was 1.5 pounds greater 
than at the beginning of the interval. 

Similar trials are to be carried out with the North Dakota 
and Delaware. 

The British battleship Dreadnought, displacing 17,900 
tons, and with 23,000 S.H.P. in Parsons turbines, at a speed 
of 20 knots was stopped in three minutes in 5.9 ship lengths, 

















NAVAL ENGINEERING PROGRESS. 1OIQ 


and at 12 knots in 4.2 ship lengths, the time for the latter 
speed not being given. 


STRATEGICAL FEATURES GOVERNING OUR MACHINERY 
INSTALLATIONS. 


The strategical features governing the design of our naval 
machinery are quite different in the case of other nations with 
whose vessels ours are ordinarily compared. Certain Euro- 
pean nations, for instance, are building fleets for service in 
the North Sea. Their probable enemies are close at hand, 
the probable sphere of their naval activities is limited, and, 
as a result, their fleets must be prepared to make short changes 
of base at high speed. The result is apparent in recent 
British designs, in which the predominant features are high 
speed and simplicity of machinery at the expense of cruising 
radius. For their purposes the increased economy gained by 
the use of cruising turbines is not justified by the increased 
weight, space and complexity involved. 

We, however, must build our ships for service beyond the 
seas. Economy of fuel at cruising speed is to us of para- 
mount importance, and our problem becomes the difficult one 
of combining a maximum of cruising radius with an ability 
to make the speed required by tactical considerations. 

This extends even to our destroyers. Their cruising ra- 
dius should approximate that of the battleship fleet, and this 
at a sustained speed of 15 knots. We are now considering 
in the designs of the new destroyers methods of reducing 
their steam consumption at 15 knots, in an endeavor to build 
up their cruising radius at this speed. Two methods present 
themselves. In the one the cruising turbines hitherto shown 
in our three-shaft destroyers are replaced by small high-speed 
turbines connected by mechanical reduction gear to the low- 
pressure shafts. A clutch coupling is interposed to permit 
throwing out the cruising element at the higher speeds and 
when backing. The small turbine works the steam from the 
boiler pressure down to about atmospheric pressure, and ex- 
hausts through the main turbines, the power at 15 knots 
being about equally divided between the three shafts. 
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The other proposition is to install a small reciprocating 
engine in place of the high-speed turbine and reduction gear. 
On account of the low power required for 15 knots (about 
450 H.P. on each shaft), and because of the comparatively 
high efficiency of the reciprocating engine when working in 
the range of pressures presented, the design of an engine 
which will be satisfactory on service is by no means difficult. 
A moderate piston speed and forced lubrication can be pro- 
vided which should ensure ease of upkeep. 

Either of these proposed cruising elements can be installed 
within the weight and space of the cruising turbines hitherto 
used, and each method promises an improvement in economy 
of about 20 per cent. The resulting increase in cruising 
radius may justify the departure from simplicity of plant 
entailed by the employment of one of these methods, particu- 
larly since total disability of the cruising elements would still 
leave a full-powered plant. 


PROSPECTIVE DEVELOPMENTS IN METHODS OF 
PROPULSION. 


Although there have been marked improvements in the 
design of recent turbine machinery, an all-turbine installation 
in a battleship is still unsatisfactory as regards economy of 
coal at cruising speeds, due to the inefficiency of the turbine 
at low peripheral speeds. There is, therefore, a well-defined 
need for a method of propulsion which, at cruising speeds, 
will allow a high-speed turbine to drive a slowly-revolving 
propeller shaft, thus conserving both turbine and propeller 
efficiencies. It is probable that three methods of propulsion, 
radically different from existing types and all aiming to ac- 
complish this end, will be tried within the next two years. 





HIGH-SPEED MARINE STEAM TURBINE WITH REDUCTION 
GEAR. 


This form of drive is to be installed in the collier Neptune, 
building at the works of the Maryland Steel Company, Spar- 
rows Point, Md. She is to be a twin-screw vessel, similar to 
the Cyclops, displacing 19,360 tons, with a speed of 14 knots. 
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Steam at a pressure of 200 pounds will be supplied by three 
double-end Scotch boilers to a Westinghouse-Parsons turbine 
for each shaft, each turbine developing about 4,000 S.H.P. 
on 1,500 revolutions at full power. Between each turbine 
and its propeller shaft is to be interposed a Melville-Macal- 
pine gear, reducing the propeller speeds to 135 r.p.m. at 14 
knots. Low speeds are obtained by slowing down the tur- 
bine, and astern turbines are provided for backing. 

It is expected that, incidental to the trial of this method of 
propulsion, the installation in the collier will afford an oppor- 
tunity to benefit by the broad experience of the Westinghouse 
Company in the development of details of the work. For 
instance, it is proposed to adapt the company’s electro-pneu- 
matic railway-switch-operating mechanism, to permit the 
operation of the machinery from the bridge. Again, the in- 
stallation will permit a trial of the Leblanc air pump, as used 
by the company in its commercial work, and of radical 
changes in design and construction of the Parsons turbine. 

This installation is being made on very liberal terms to the 
Government, the cost being that of the reciprocating engines 
originally contemplated, and the Government being duly 
guaranteed against possible failure. 

The principal points to be developed with this installation 
are the extent of wear on the gears, quietness of operation, 
and the adaptability of the gears for reversing. In shop tests 
the gear has transmitted 4,500 S.H.P. for forty hours, with 
an efficiency in excess of 98 per cent., and with no apparent 
tendency to wear. 


W. L. R. EMMET’S METHOD OF ELECTRIC PROPULSION. 


Mr. W. L. R. Emmet, an engineer of the General Electric 
Company, has submitted a form of electric propulsion in 
which General Electric high-speed turbo-generators drive 
motors on the propeller shafts at speeds considered proper for 
propeller efficiency. He estimates an efficiency of transmis- 
sion of 94 per cent. His installation in a battleship contem- 
plates two turbo-generators, driving four motors on two main 
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shafts. By this multiplicity of units, combined with pole- 
changing devices on two of the motors, an economy close to 
the inaximum is promised at all speeds above 10 knots. 

In the case of a collier, whose cruising speed would proba- 
bly be near her maximum, the installation proposed consists 
of two generators and two motors, one on each propeller shaft. 
The motors would not be arranged for pole changing, but 
would be equipped with resistance for reversing. At speeds 
below 11 knots one generator would be used on both motors. 
At a speed of 14 knots a water rate of 12.6 pounds per S.H.P. 
per hour is promised, and at 10 knots the water rate is stated 
to be less than 15 pounds. 

It is hoped that this method of propulsion may be installed 
in a collier authorized by the last Congress, similar to the 
Neptune, under conditions similar to those governing the 
Westinghouse installation in the latter vessel. 

Although many of the features of the electric drive pro- 
posed by Mr. Emmet have been developed as the result of 
actual installations in shore plants, there are so many novel 
features involved that the system will require careful scrutiny 
before its use in an important vessel is considered. It is dif- 
ficult to predict what disadvantages, if any, will be found, 
but the following points will be the subject of special investi- 
gation in the trial installation : 

(a) Weight as compared with all-turbine drive ; 

(b) Ventilation of the generators and motors, there being 
considerable heat generated in the armatures ; 

(c) Cooling of resistances. Under certain conditions there 
are large quantities of heat to be suddenly dissipated from 
the resistances. 

(d) The possible failure of the machines or parts of the 
machines due to access of water ; 

(e) Complexity of accessories—switches, pole-changing de- 
vices, resistances, etc. ; 

(f) The degree of delicacy of speed control ; 

(g) The effect on chronometers, compasses and personnel 
of grounds, the tension being in excess of 2,000 volts. 
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THE MAVOR AND COULSON SYSTEM OF ELECTRIC DRIVE. 


This system is based on an ingenious spinner motor, which 
gives three speeds in either direction at maximum motor eff- 
ciency, control being had from two double-throw switches. 

The motor consists of an ordinary sguzrre/-cage rotor on the 
main shaft. Concentric with the rotor and around it, adapted 
to revolve freely on extensions of the main-shaft bearings, is 
a spinner, provided with a brake. On its inside surface the 
spinner is wound to drive the rotor, while on its outside 
periphery the spinner has a squirrel-cage winding that enables 
it, in turn, to be driven as a motor by a surrounding stator 
built into the ship. Thus the machine consists of two motors 
concentrically arranged around a common axis, either of which 
may be made to revolve in either direction, or the spinner 
may be held by the brake while the rotor is revolving. The 
speed of the spinner, in this manner, may be added to or sub- 
tracted from that of the rotor, giving three speeds in either 
direction without the use of resistances in the rotor circuit, 
without varying the periodicity of the main circuit and with- 
out pole changing. 

The relative speeds of the rotor and spinner are determined 
by the numbers of the poles in the spinner and stator. 

In the case of a battleship similar to the Florzda this 
method would contemplate a three-shaft arrangement, devel- 
oping 30,000 electrical horsepower, at 150 r.p.m. The esti- 
mated loss in transmission in dynamos and motors is 10 per 
cent., which, it is claimed, would be more than compensated 
for by the gain in turbine and in propeller efficiencies. 

The turbo-generators would have a speed of 1,200 r.p.m. 
The rotor revolves at 90 r.p.m., the stator at 60. The three 
speeds at which maximum efficiency would be obtained are, 
therefore, 30, 90 and 150 r.p.m., corresponding, respectively, 
to steerage way, to 10 knots and to 20.5 knots. 

The equipment would weigh considerably more than an 
all-turbine arrangement. The overall diameter of motors 
would be 15 feet. 
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An installation of bituminous producer-gas engines, driving 
generators for this method of propulsion, it is reported, is to 
be installed on a cargo vessel on the Great Lakes during the 
present year. No reliable data concerning this installation 
have been received. Its development will be followed with 
great interest. 


NUMBER OF PROPELLER SHAFTS. 


Having definitely abandoned the single screw for all im- 
portant vessels it is almost axiomatic that an arrangement of 
propelling machinery on two shafts is the best that remains, 
for reasons of simplicity, and of propeller efficiencies. But 
we are sometimes forced into a three- or four-shaft arrange- 
ment for reaction-turbine ships by the excessive length of 
engine room which otherwise would be required. This is not 
without advantages, however, in the ease of overhaul afforded 
by the smaller turbines and in the minimizing of the effect 
on the total propulsive power of the vessel of damage to one 
of the units. 

As between three shafts and four shafts the latter are pre- 
ferred for large vessels on account of the probability of better 
propeller efficiencies. Our lack of experience renders the 
design of the center propeller in a three-shaft arrangement 
rather difficult. The proximity of this propeller to the hull 
and the likelihood of its being robbed of its water by the 
wing propellers introduces an element of uncertainty as to its 
efficiency. It is probable that when properly designed and 
located three screws will give alinost the same efficiency as 
two or four, yet there are startling instances of trials of triple- 
screw vessels in which the best speeds were obtained with the 
center screw idle. We have rejected the three-shaft arrange- 
ment for the new battleships, because with reaction turbines 
the four-shaft arrangement requires a shorter engine room. 
With impulse turbines the two-shaft design gives more room 
and greater simplicity on less weight, but in case we go to 
higher powers in our future battleships three screws will 
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probably be necessary in order to avoid excessively large 
units. 

In the case of destroyers we use three shafts for Parsons 
turbines and two shafts for the Curtis and Zoelly turbines. 


INTERNAL—-COMBUSTION ENGINES. 


Tests have recently been completed at the Norfolk Navy 
Yard of internal-combustion engines for launches. Nineteen 
representative makers submitted engines for the tests. Each 
engine was tested for four or five days in the shop, and an 
equal length of time in a 40-foot launch. 

As a result of these tests, eight 4-cycle gasoline engines 
and one 2-cycle kerosene-oil engine were found suitable for 
naval use. 

A gasoline engine to be sufficiently reliable for service use 
must be of heavy construction and securely mounted in a 
heavily-built boat. It has been conclusively demonstrated 
that a lightly-built high-speed engine, however carefully built 
and operated, will not do. A 4-cycle engine should weigh 
not less than 45 pouuds per H.P., and the 2-cycle engine (for 
small powers) not less than 35 pounds per H.P. The revolu- 
tions should not be much greater than 500 per minute. 

Designs are being prepared in the Bureau of Steam Engi- 
neering for standard gasoline engines for service use. It is 
probable that eventually the heavy-oil engine will displace 
the gasoline engine on account of the danger incident to 
keeping gasoline on board ship. The Department is bending 
every effort towards the development of an oil engine suitable 
for small boats. 

The use of internal-combustion engines for propulsion of 
large vessels has long been an attractive subject to naval en- 
gineers. Such engines have shown marked economy in large 
units on shore with constant load when run by producer gas. 
We are often asked why we do not use such engines in naval 
vessels. The variations in load, the provision that must be 
made for reversing, and the necessity for a control of speed 
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sufficiently delicate for maneuvering in a marine installation, 
present difficulties that have not thus far been successfully 
met. There are difficulties, too, in connection with the de- 
sign of a producer suitable for bituminous coal. The size of 
gas-engine cylinders suitable for marine work is at present 
limited to about roo H.P. on account of temperature difficul- 
ties in larger cylinders. Thus, in the present state of the art, 
an installation for one of the new battleships would require 
320 cylinders, and, needless to say, limitations of space alone 
would prohibit such an installation. With a gas engine, too, 
the cylinders are absolutely independent, one of the other; 
there is no mutual understanding, as with the cylinders of a 
steam engine, in which each cylinder is very much concerned 
with the performance of its neighbors. For this reason the 
problem of simultaneously reversing all the cylinders of a gas 
engine is a difficult one. 

The British gunboat Rattler was in commission for about 
eight months with an anthracite producer, supplying gas to 
a §-cylinder, 500-H.P. single-acting engine making 120 revo- 
lutions per minute, exhausting into the smoke stack. Speed 
could not be reduced below sixty-five turns. A hydraulic 
clutch was used for reversing; this wore badly and was un- 
satisfactory. The weight of the installation was greater than 
that of a steam plant of equal power. 

At present, therefore, internal-combustion engines are un- 
suited for marine installations of greater than 1,000 H.P., 
and in small installations are justified only in special cases. 
There is, however, prospect of a considerable improveinent 
in the design of bituminous producers, and a well-directed 
effort to overcome the difficulties which I have enumerated, 
so that the subject is still very much alive. 

Our experience with internal-combustion engines in launches 
is that their maintenance is very expensive, amounting to 35 
per cent. per annum of the original cost. 

In the British and German Navies heavy-oil engines are 
used to drive a portion of the dynamo plant on some of the 
recent vessels. Such an arrangement permits the lighting 
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and ventilation of the ship when, for purposes of overhaul, all 
boilers are cold. 

With us, however, this contingency is so remote that the 
use of internal-combustion dynamo engines has not been jus- 
tified. Our principal navy yards are all capable of furnishing 
current to ships whose dynamo plants are disabled. 


OIL—BURNING BATTLESHIPS. 


Our experience with liquid fuel, while limited, has been 
sufficient to convince me that, considered from an engineering 
point of view, the expediency of its use to the exclusion of 
coal, in battleships, is clearly indicated. 

The principal argument advanced against the use of liquid 
fuel, in large vessels, is the alleged difficulty and uncertainty 
of obtaining it in the seaports of the world. This is a strate- 
gical question, and belongs to you gentlemen rather than to 
me, but I will discuss it very briefly. New oil fields are being 
developed in many localities where until recently they were 
unknown. The Argentine Government has directed the in- 
stallation of oil burning as an auxiliary in their battleships 
that are being built in this country, and in connection with 
this appears the statement that large oil fields have been 
recently discovered in Patagonia. California produces an 
excellent grade of fuel oil, but we are sending Pocahontas 
coal around the Horn for use in our vessels on the West 
Coast. I have seen the statement that the new oil fields in 
Oklahoma produced last year an amount of oil equal to twice 
the coal burned by the United States Navy during the same 
time. 

The United States produces more than half the world’s oil 
supply, and it is being shipped abroad for use as fuel in the 
vessels of foreign navies. It would appear that fear of a dif- 
ficulty in obtaining oil should not seriously interfere with the 
adoption of this ideal fuel for use in United States naval 
vessels. 

In time of war we must depend on the fuel stored at our 
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naval bases or carried in our cargo vessels; and it is easier to 
store and carry oil than coal. With the Panama Canal com- 
pleted, oiling stations at our possessions in the Pacific, to- 
gether with some oil-carrying vessels, would afford a certainty 
of fuel supply at least equal to that now provided for coal. 

It should be remembered that all our future destroyers will 
probably be oil burners, and that their work is with the battle 
fleet. Thus we are already committed to the establishment 
of means of supplying oil for the destroyers at all bases at 
which it would be required by battleships. 

That oil-burning battleships have not been more seriously 
advocated abroad is due entirely to the fact that, with the 
exception of Russia, no European nation has a supply of oil 
that can be depended on in time of war. It is logical, there- 
fore, that our nation, producing, as it does, more than one-half 
the world’s supply of fuel oil, should be the first to accept the 
great military advantages of oil-burning battleships. These 
advantages have been argued so often that I will not dwell 
upon them now. Briefly, with liquid fuel, we can: 

(a) Reduce the weights and space required for boilers ; 

(b) Reduce the fireroom personnel ; 

(c) Eliminate ashes and cinders, and practically eliminate 
smoke ; 

(d) Increase the cruising radius. 

The principal advantage, from a military point of view, of 
oil burning in a turbine-driven vessel, lies in the ability of 
such a vessel to be driven at full power with but slightly 
greater effort on the part of the personnel than at low speed, 
and in the fact that full speed can be maintained for periods 
limited only by the supply of fuel. 

I wish, gentlemen, to place myself emphatically on record 
as advocating oil-burning battleships for our service. 


IMPROVEMENTS IN ECONOMY BATTLESHIP FLEET. 


In comparing the present coal consumption of the battle- 
ship fleet, which means its cruising radius, we will use as a 
standard that shown on the cruise of the battle fleet from San 
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Francisco to Hampton Roads, on which, as you will remem- 
ber, a considerable improvement was shown over the first leg 
of the world cruise. 

The average coal consumption per knot of the battle fleet 
at present, referred to a standard speed, is 6 per cent. better 
than that of the best ship on the world cruise. 

The average coal consumption per knot of the battle fleet 
at present, at 12 knots, is practically the same as that at 10 
knots on the world cruise. 

Since the world cruise there has been an improvement in 
coal consumption per knot in the battle fleet of twenty per 
cent. 

There is a similar improvement in the smaller vessels of 
the service. 

The armored cruisers have apparently not improved, but 
are burning a little over 1 per cent. more coal per knot than 
last year. 

In consumption of lubricating oil per knot there has been 
an improvement of 8 per cent. from December, 1909, to April, 
1910, over that of the preceding year, for all vessels of the 
Navy. The average cost per knot of lubricating oil for all 
vessels is now 3.9 cents. This is not as good as the best mer- 
chant practice, but is constantly being improved. Our best 
ships cost less than 1 cent per knot. 

As illustrating the ability of ships to maintain themselves, 
the cost of repairs due to casualties was four-tenths of a cent 
per horsepower during the last year. The cost of new ma- 
chinery and boilers for naval vessels, included under the head 
of “navy yard repairs and changes,” was 53 cents per horse- 
power during this period. 

Including the power of the auxiliary machinery the average 
cost of developing one horsepower in the Navy is now about 
2.04 pounds of coal per hour. ‘This includes all expenditures 
of coal for whatever purpose, and also includes all power 
developed for whatever purpose. The figure is the average 
result as shown by the steam logs of vessels in service. The 
ratio between the average power developed and the maximum 
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power of naval vessels is extremely low as compared with any 
economical commercial practice. Considering this low-power 
factor the present result is not bad. The coal efficiency com- 
pares very favorably with that obtained under steaming con- 
ditions elsewhere. According to reports received, in one very 
large navy the cost in coal of developing a horsepower hour 
is 25 per cent. greater than in the United States Navy. These 
improvements in coal economy have been principally due to 
the following causes : 

(a) The converting of evaporating plants from single to 
double effect. ‘The power to distil fresh water sufficient for 
all purposes is a most essential feature in self-maintenance, 
and especially so if engaged in a campaign. ‘The economy 
in making water simply means that the radius of action is 
increased accordingly. 

The gain in economy from the use of the double effect is 
theoretically 48 per cent. Actual gains of from 35 to 4o per 
cent. are obtained. There is no appreciable reduction in the 
capacity of the plant. 

(b) More careful and systematic firing, induced by analysis 
of smoke-pipe gases. Most of the larger ships have been 
equipped with apparatus for sampling smoke-pipe gases and 
determining the proportion of CO, therein. It is found that 
the percentage of CO, gives an accurate measure of the eff- 
ciency of combustion when coal is used as fuel. The princi- 
pal furnace loss is the heat in the excess air which passes up 
the funnel. With a CO, percentage of 14 a condition of 
maximum efficiency is obtained in which there is no excess 
of air. Should this drop to 5 per cent., as was the condition 
in many of our ships when this apparatus was first installed, 
there is a loss in efficiency of 24 per cent., due to excess air. 

In some of the ships a record of the CO, percentage of each 
fireman is kept, and the ability of the fireman is rated there- 
by. On one ship, where this system is followed, it was found 
that the number of buckets of coal required per watch varied 
progressively from 30.5, with a CO, percentage of I1.9, to 
34.4, with a percentage of 9.0, the amount of steam generated 
remaining the same. 

















NAVAL ENGINEERING PROGRESS. 1031 

One of the first things learned by gas analysis was that our 
boiler casings leaked air. These have been made tight, with 
a corresponding saving in coal, reported in some cases to 
amount to as much as 8 per cent. 

(c) The tightening of the pressure parts of boilers, particu- 
larly the bottom-blow valves. A new type of valve has been 
fitted on the larger ships during the past year, which removes 
a serious source of loss that has hitherto existed, due to the 
inability to keep the valves of the old type tight. 

(d) More efficient propellers have been fitted on the Kan- 
sas and North Carolina, and are being made for the A/7sszs- 
stppi and Vermont. As soon as accurate data on the efficiency 
of existing propellers under service conditions can be ob- 
tained, it is hoped to improve the efficiency of the fleet asa 
whole by replacing those propellers which are least efficient 
at cruising speeds. 

(e) Greater attention to steam traps. It is found that 
leaky traps have in the past caused considerable losses. 

(f) A more careful attention to auxiliary machinery, par- 
ticularly to the condition of the valves and steam cylinders. 
In a battleship at cruising speed, one-third of all the steam 
generated by the boilers is used in the auxiliaries. 

As the service in general fully realizes, smokeless combus- 
tion is greatly to be desired, and, while we have made some 
progress along this line, notably in the new coal-burning de- 
stroyers, still the problem has not been solved as yet. There 
are a number of smoke-consuming devices on the market, but 
we have been unable to find one that is even fairly efficient 
in a shore plant, and practically all are prohibitive in service 
installations because of confined space and high rate of com- 
bustion, and especially from the fact that nearly every one of 
them requires the expenditure of considerable steam for its 
operation. 


FULL—POWER TRIALS OF BATTLESHIPS. 
In Table IV are shown the results of the full-power trials 


of the battleships, held off Guantanamo last winter, as com- 
pared with their trial performances : 
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Contractor’s trial. 


Fleet trial. 


3 
-2 

Des w ae ai 

y v 3 ~ 

. 2a v o 

Name of ship. © b0 = - 

z 5s o 7) 

vu 12) io) 

® |g | a x < a; & 

= © ° 3 © ° fa 

o s ee 2 x. x 2 

a nD i Qa D i a 
Connecticut......c.000 18 | 18.78 19,333 16,000 19.025 20,456 17,190 
MEINE sacsvectsessaseet 18 | 18-09 19,302 16,000 18.960 20,273 | 16,890 
Minnesota ........24+. 18 | 18.85 19,896 16,000 18.420 20,685 | 17,200 
Louisiana,........... 18 | 18.82; 20,443 | 16,000 19.073 19,793 | 16,692 
New Hampshire... 18 | 18.16 16,772 16,000 18.950 21,131 | 16,738 
Mississippt* .......... 17 | 17.11 | 13,361 | 13,000 17.015 | 13,141 | 13,179 
Pe aletscenchevenenes 17 | 17.14) 13,765 | 13,000 | 17.291 | 14,017 | 13,400 
GON 210... ....000 Paden Ig | 19.26 24,948 14,948 19.003 20,847 | 16,414 
SEOOTIMEG . w sscviscsiaes 19 | 19.06 20,947 14,948 18.900 21,369 | 15,950 
bg Ig 19.01 22,501 14,979 19.054 20,805 | 16,140 
WISCONSIN ..2.00 000008 16 17.17 12,322 11,565 | 16.810 10,828 | 12,142 
IONNIIS ii sertetsenias 18 18.15 15,642 12,500 17.890 14,706 12,959 
Vermont.....00....... 18 | 18.33) 17,824 | 16,000 | 15.140 8,900 16,968 
New Jersey... cree Ig (19.18 22,805 14,948 18.460 | 19,251 | 15,280 
Rhode Island........ Ig | 19.01 19,890 14,680 17.651 | 13,092 | 16,201 


° One propeller injured by tug previous to trial. 
Safety valves set at 274 pounds less than designed pressure. 


The trials showed serious weakness in the feed pumps and 
blowers of the three last named ships. These weaknesses 
are being corrected. 

With the exception of these three ships, the trials were 
most satisfactory. Omitting these vessels, the fleet, with an 
average displacement 830 tons greater than on contract trial, 
developed an average speed .449 knot greater than the de- 
signed speed, and .066 knot greater than the average contract 
trial speed. 

On these trials the main engines withstood overloads 
amounting, in the case of one ship, to 40 per cent. in excess 
of the designed load. 

An interesting feature, developed by the trials and shown 
in the table, is the improved propeller efficiency of the 
Virginia and Loutstana, whose engines were changed from 
in-turning to out-turning shortly before the trials. Unfortu- 
nately for the sake of comparison, the Vzrginza’s present 
propellers differ from those with which she ran her contract 
trials. The Louzstana’s propellers, however, are the same. 
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COMPARISON OF MEASURED-—MILE COURSES AT ROCKLAND, 
PROVINCETOWN AND DELAWARE BREAKWATER. 


The Board of Inspection and Survey for Ships has recently 
held exhaustive comparative trials of the Michigan, Reid and 
Flusser over the measured-mile courses at Rockland, Prov- 
incetown and Delaware Breakwater, to determine the effect 
of depth on speed. 

The depth on the Rockland course varies from 330 to 480 
feet; that at Provincetown from 150 to 160 feet, and at Del- 
aware Breakwater from 135 to 150 feet. 

These trials indicate that the Michigan, with 16,000 tons 
displacement and 24 feet 6 inches mean draught, requires 
about 1,900 less I.H.P. for a speed of 19 knots on the Rock- 
land course than at the Delaware Breakwater, and somewhat 
less power for this speed at Provincetown than at the Break- 
water. There is a corresponding effect in the case of de- 
stroyers. The Rezd, displacing 700 tons, and with a mean 
draught of 8 feet 0} inch, requires for a speed of 31 knots 
about 1,000 less §.H.P. at Rockland than at the Breakwater, 
and less at Provincetown than at the course in Delaware Bay. 


REPAIR SHIP. 


Our battleship fleet is, to a greater degree than ever before, 
self-sustaining as regards repairs to engineering material. 
This is evident in a decreased amount of navy-yard work. 
The machine-tool equipment of many of the ships has been 
increased to as great a degree as is possible within the limita- 
tions of space available. In some of the ships small cupolas 
capable of melting 100 pounds of brass and 60 pounds of iron 
have been improvised, and have proved very valuable for the 
manufacture of small castings not subject to much stress. A 
standard oil-burning furnace will be supplied to all the larger 
ships. 

The repair ship Panther has rendered most valuable aid to 
the fleet, and has done much of the work heretofore done at 
the yards. 
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For times of war, however, when the ability of the fleet to 
be self-sustaining may be of the utmost strategic importance, 
our facilities for repairs are hopelessly inadequate. Realizing 
this, there have been prepared designs of a proposed repair 
ship of 13,500 tons displacement and 14 knots speed, with 
an equipment which will enable it to— 

(a) Make patterns and castings up to four tons in weight. 
This includes all iron castings for small vessels, and, in case 
of a battleship, all except main cylinders and turbine casings. 
(These in any event would be repaired by a welding process. ) 

(b) Forge anything on board ship except main shafting ; 

(c) Roll and bend any plate that may be required for the 
hull or for boiler drums ; 

(d) Build up lengths of copper piping, and repair and tin 
defective piping ; 

(e) Do any required machining ; 

(f) Carry all materials for the prosecution of this work. 

The proportion of foundry and forge equipment is such as 
to provide sufficient material for its own machine shop and 
for the machine shops of all vessels of the fleet. Thus, in 
emergencies, all the equipment of the individual ships, as 
well as that of the repair ship, could be run at full capacity. 

The design of the repair ship provides for convenient and 
efficient handling of material progressively from its raw con- 
dition through the processes of casting, forging and machin- 
ing in well lighted shops. 

The acquisition of such a vessel is of vital military im- 
portance to the fleet in that it will, in time of war, enable the 
fleet to repair damages sustained in action to a sufficient ex- 
tent to render it seaworthy and capable of renewing action. 
In time of war or peace it will render the fleet self-sustaining 
as regards all repair work to machinery, hull or ordnance 
equipments, except that necessitated in general refitting. 

The experience of the world cruise of the battle fleet de- 
monstrated rather conclusively that extensive cruising does 
not of itself contribute to deterioration of steam machinery, 
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provided the nature of the cruising is such that fixed periods 
for periodic overhaul are provided. 

It has been too frequently the case that in arranging itin- 
eraries no attention has been paid to this point, and in many 
cases commanding officers hesitate at allowing disablement of 
the main engines for periods greater than twenty-four hours, 
although such disablement is required in the interests of an 
efficient maintenance of the plant. 

An instance of this has recently developed in the case of 
two armored cruisers which require such extensive repairs in 
their engineer department as to render it necessary to lay 
them up for a period extending over several months. Until 
these repairs are completed these ships are without strategic 
value as a component part of the fleet. The present condi- 
tion of the machinery of these vessels can best be described 
as generally run down. This is due in great degree to the 
nature of service to which they have been subjected—exten- 
sive cruising with improper spacing of overhaul intervals. 

Undoubtedly, our most important duty as regards the 
machinery of the fleet is that of upkeep—the taking of the 
proverbial stitch in time which will prevent the accumula- 
tion of trouble in such quantities as to disable the fleet as a 
fighting unit. 

This, however, requires cooperation such as is being ac- 
complished under the present organization. 


BOILERS. 


The question of the type of boiler for future battleships is 
one that is receiving due attention. The present Babcock 
& Wilcox boiler is giving satisfaction, and that company 
has recently completed an exhaustive series of tests of a sam- 
ple boiler for the Wyoming and Arkansas. In these tests 
they more than met every guarantee and, in fact, attained im- 
proved economies of evaporation at all rates of combustion. 

The boiler stood a further test of forcing under 5 inches of 
air pressure, burning 70 pounds of coal per square foot of 
grate surface; all without signs of damage. 
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Notwithstanding all this, there is a growing sentiment 
favoring the small-tube express type of boiler for battleships, 
as giving more elasticity in forcing, especially in a turbine 
installation, as well as saving weight, on almost the same 
economy. The experiment station at Annapolis has been 
engaged in research work for more than a year, with con- 
siderable success, in an endeavor to determine proper methods 
and materials for the interior preservation of our boilers. 
This, of course, is quite essential if we adopt small or bent 
tubes in boilers. 

In-swinging furnace doors have been fitted on all the bat- 
tleships and are rapidly being installed in other naval vessels. 
The design of these doors is such as to cause them to auto- 
matically close in the event of a ruptured tube. Already, in 
the Georgia, they have prevented serious injury to the fire- 
room force. 

Mosher boilers are being installed in the battleships Kear- 
sarge, Kentucky and /ilinots, to replace their Scotch boilers. 
The contract for these boilers calls for a guaranteed evapora- 
tion of 114 pounds of water per hour per pound of combusti- 
ble at full power, when burning 40 pounds of coal per square 
foot of grate. 

The difficulties heretofore existent with the reciprocating 
engines of forced-draft blowers have been overcome by the 
adoption of turbine-driven blowers for destroyers and motor- 
driven blowers for battleships. 

Our new destroyers, propelled by turbines, with liquid fuel 
and turbine-driven fans, are provided with a machinery in- 
stallation from which most of the frailties hitherto existent 
on vessels of this type are eliminated, and which should 
render them capable of running at full power at any time on 
demand, and for periods limited only by the fuel supply. 

Turbine-driven centrifugal feed pumps are being developed 
and, although at present they are somewhat handicapped by 
excessive weight and space required, it is probable that these 
disadvantages will be overcome to a sufficient extent to allow 
us to show them in new designs. Experience with these 
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pumps in shore plants indicates that they are less prone to 
disablement than reciprocating pumps. 

I think this covers the scope of my lecture. 

In conclusion, I will say that engineering in our naval 
service is today in a position more nearly commensurate with 
its importance to the fleet than seemed possible a few years 
ago. This is due in part to the enthusiastic efforts of the 
younger line officers who have in recent years ‘operated our 
machinery afloat, more to the legacy of experience, ability 
and good will from the old Engineer Corps, but is principally 
the result of an appreciation of the importance of engineering 
on the part of the older officers in the service, who, in re- 
sponsible adininistrative positions, both in the Department 
and in the Fleet, under our able Secretary, are welding the 
personnel and materiel of engineering into the organization 
of the fleet in such manner as cannot fail to produce perfect 
homogeneity. 
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COMPARATIVE PERFORMANCE DATA OF RECENT 
DESTROYERS. 


By LIEUTENANT COMMANDER Davin F. Boyp, U. S. N., 
MEMBER. 


The destroyers of the 7th Division, Atlantic Torpedo Fleet, 
were commissioned and assembled at the Navy Yard, Charles- 
ton, S. C., on the following dates : 


Name. Where built. Commissioned. Arrived Charleston. 
Flusser Bath, Me. October 28,’09 December 18,’09 
Reid Bath, Me. December 3, ’09 January 3, ’10 
Smith Cramps November25,’09 December 10,’09 
Preston N.Y.S.B.Co. December24,’09 January 12, ’10 
Lamson Cramps February 10,’10 February 20, ’10 


After arrival at Charleston the destroyers began making 
twenty-four-hour coal-consumption runs, the resulting curves 
of which are shown in Plate I. Detached shaking-down 
cruises of about ten days’ length were at intervals taken to 
Key West and return. 

On March 21, 1910, the destroyers began cruising as a 
divisional unit, the distance steamed to date being about 
9,500 miles, this being exclusive of numerous short runs. 
The standard speed has varied from 18 to 25 knots. 

On March 24, 1910, the first competitive four-hour, full- 
speed run was made, on course from Key West to Pensacola, 
Fla. The Division stood out of the North-West Channel 
from Key West at 4:35 P. M., headed for Pensacola, and 
formed line (300 yards’ interval) at 20 knots standard speed. 
At 6:00 P. M. the four-hour race began, the vessels then being 
approximately in latitude 25 degrees 02 minutes N., longitude 
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Plate I. 


82 degrees 17 minutes W. The run was made in from 15 to 
40 fathoms of water. Wind, N.W.; force, 2; sea, perfectly 
smooth. Displacement of destroyers averaged about g10 tons, 
200 tons above trial displacement. 

The trials ended at 10:00 P. M., in the following order, the 
vessels having made the following speeds, estimated from 
standardization curves, giving the speed corresponding to the 
average revolutions. 
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NoTe.-—Although the Rezd apparently developed more 
speed than the Flusser (according to standardization curves), 
yet the Flusser actually gained a distance of 1} miles, due, 
perhaps, to errors in standardization curves of both vessels, 
or to bad steering, or both. 

Using data obtained on the builders’ four-hour, full-speed 
trials as standard the following comparisons and remarks will 
be of interest. 


COMPARATIVE DATA: BUILDERS’ AND MARCH 2TH SPEED TRIALS. 














| Flusser. | Reid. Smith. Preston. Lamson. 
Pp . 
Item. £ £ £ 2 Fs 
vy vu v vu v 
a] . a] . <s . 7 ° ~7 ° 
sisgigi4i8i/digi4aig 4 
-) s | @ s | @ s | @ s | 2 a 
welininnibeininpcancniatiiianicniaiagumatantel - ipeiin seca ais 
Draught of ship, mean. soos] 7-194 | 9-6 | 8-0 | 9-5h | 8-04 | 9-10b 8-02} | 9-07} | 8-02} 10-05 
C 9g ed displacement w-| 686 | 890 | 690 | 882 | 716 | gto | 71 30 | 690 «= 934 
Trim, inches......... seseesesee| 44 Dy | 2 by | 6h by | 3 by | 2by | 6 by | a} by| Even! aby 3 by 
stern.| stern.| stern.| stern.) stern.| bow. | stern | keel. | stern. stern. 
Speed, average four hours.........| 30.41 | 29 40 | 31.82 | 29 90 | 28.35 | 28.25 | 29.18 | 26 95 | 28.60 24.52 
Revolutions, average four hours.| 801 759 | 843 | 765 | 723 | 718 | 779 5 | 745 609 
Main steam turbines, gauge....... | 208 | 235 | 218 | 229 | 239 | 216 | 235 | 243 | 246 189 
high pressure, gauge........., 186 | 210 | 201% 211 | 199 | 196 | 175 | 179 189 150 
Starboard L.P., gauge..... ot: an 30 32 | 33 45 35 27 | 25 | 41.5 23 








Port L.P., gauge....... 25 | 30 33 35 45 35 25 25 | 42.5 23 


Vacuum, | shes covsee --| 28.4 | 27.6 | 28.6 28 (25.8 (272 | 27.4 27 (27.2 27.3 
Barometer... oo | gues! w | 90.98) .. | 90:38) .. 190.28] ~ | 30.28 
Main i injection.. -_ 56 68 58 68 | 7o | 68 56 68 54 68 
Air-pump discharge... 77 | 92 79 Si ww 106 112 103 oe go 
Overboard discharge..... a | 94 77 go | 107 94 89 104 83 86 
Temperature feed water.........++. 194 155 195 | 198 | 187 | 179 178 | 190 | 165 184 
Back pressure auxiliary sani 9.0 5.8 | 10.0 soe | 20.0 7.0 8.0 | 11.0 13.0 
Air pomcune firerooms... mt > oe ° 6.0 5.2 6.6 | 5.7 55 2.8 6.0 4-2 4.0 





~ Condition of bottoms : Practically clean—all vessels. 


The Flusser, Reid and Preston ran with cruising turbines 
disconnected ; the .Smzth and Lamson with cruising turbines 
turning over in vacuo. The auxiliaries in use were the same, 
except on the .Smzth, where the dynamo was shut down, and 
on the Lamson, where No. 2 blower was shut down from 6:10 
to 6:20, and No. 3 blower shut down from 6:20 to 10:00 P. M. 
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The vessels ran on approximately the following dummy 
clearances : 


M.H.P. S.L.P. P.L.P. 
FR, 635s + O14 .O10 
Rezd, no record, ae sad 
ee O16 .009 
Preston, ee a Mg .022 O19 
Lame, . + + ©@09 .O12 .O19 


The effect of displacement, on revolutions corresponding 
to chest pressures, and on speed corresponding to revolutions, 
is pronounced. Roughly, it is estimated in smooth weather, 
from cruising experience, about as follows, taking 20 knots 
(usual cruising speed) for comparison : 


Chest pres- Chest pres- Revs. for 20 Revs, for 20 
sure, 700 T. sure,gooT. kts., 700 T. kts., goo T. 


IP.C. LP.C. 

Flusser, . . 120 135 465 482 
ee ee ae 141 472 490 
Se. «ss oP 140 470 485 
Preston, . . 140 155 496 518 
Lamson, . . 140 155 480 492 


The following items are of interest on the five destroyers 
during this trial : 

Flusser : At 7:30 P. M. the man on watch on the oil-return 
manifold gave the signal that something was wrong, and 
engines were slowed. Examination showed that he had just 
at that moment discovered that no oil was flowing from the 
I.P.C. forward bearing. This bearing had been, of course, 
cut out, the I.P.C. turbine being disconnected, and no oil had 
been coming from it at any time. The engines were put full 
speed ahead as soon as his mistake was discovered (at about 
7:33 P. M.). A great quantity of water was lost by the over- 
flowing of the feed tank, due to the fact that the column of 
water from the air-pump discharge could not pass fast enough 
through the filter compartments in the upper part of the 
tank. This was rectified subsequently by cutting a hole in 
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one filter compartment, thereby short-circuiting water to the 
bottom of tank. 

Reid; At 8:20 a drain plug at the bottom head of water 
end of the main feed pumps, forward fireroom, blew out ; and 
the tops of fires had to be killed in boilers “A” and “ B” by 
flushing with fire hose. At 8:40, fires having been built up 
on these grates (using oil), the ship went ahead full speed. 
A steel plug had been driven in drain hole; but at 8:45 this 
plug again blew out, and fires had to be killed once more. 
The same steel plug was then driven in and shored up; the 
fires were again built up, and at 8:50 the ship was again 
going ahead full speed. Fires were carried from 14 to 18 
inches thick and no difficulty was experienced in keeping 
full head of steam, the main high-pressure by-pass being open 
about one turn for one and one-half hours. 

Smith: Nothing of interest on run. 

Preston: The entire run of the Preston was seriously af- 
fected by main-feed troubles. It repeatedly became necessary 
to use cold feed, thus killing the steam. Examination later 
of the steam valves showed heavy scoring and heavy leakage 
from steam to exhaust faces, and that the babbitt rings of the 
water pistons were leaking. 

Lamson; During the run two of the blowers ran hot most 
of the time and the oiling system carried away on one. The 
feed water could not be gotten above 190 degrees F. at any 
time. The vacuum on the starboard condenser was 27.07, 
on the port, 27.4, pumps running at full speed. 

At Pensacola, Fla., the F/usser and the Red ran their final 
acceptance trials on April 5, 1910, and April 6, 1910, respect- 
ively, making 29.51 knots and 30.21 knots, respectively, at 
875 and 856 tons displacement, respectively. 

The vessels of the 7th Division were docked at Charleston, 
S. C., the latter part of April and the first part of May. Here 
the wing propellers (diameter, 60 inches, pitch, 57 inches) of 
the Preston were removed and her spare propellers (diameter, 
63 inches, pitch, 58 inches) were installed. This arrange- 
ment of the wing propellers (with a center propeller of, dia- 
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meter, 60 inches, and pitch, 57 inches) led at once to increased 
coal expenditure, as shown on the coal-consumption curve 
appended, marked “A.” The Division then proceeded to 
Rocklaud, Me., and later to Provincetown, Mass., and Lewes, 
Del., where the Rezd and Flusser ran standardization runs. 
The Preston standardized at Rockland, in view of the above- 
mentioned change in propellers. 

The Smzth, Lamson and Preston, on May 22, 1910, ran a 
four-hour full-speed run from Rockland to Provincetown, the 
Smith making her final acceptance trials on this run, averag- 
ing 28.80, 24.00 and 28.43 knots, respectively. 

On May 28, 1910, the Preston ran her final acceptance trial 
in Massachusetts Bay, making 28.25 knots for four hours. 


DIFFERENT TYPES OF DESTROYERS IN THIS DIVISION— 
TROUBLES EXPERIENCED—CHANGES MADE, ETC. 


The engineering differences worthy of note bearing on 
economy and efficiency in these destroyers are shown in the 
table on following page. 

Additional features which are not easily tabulated are as 
follows : 

Flusser, Reid and Preston: High-pressure end of H.P.C. 
turbine faces aft. Sth and Lamson faces forward. 

Have one double-beat maneuvering valve for each L.P. 
Smith and Lamson have one go-ahead and one astern valve 
for each LP. 

Flusser, Retd and Preston use exhaust steam on gland sys- 
tem, leak-offs to condensers. .Smzth and Lamson steam via 
reducing valves to glands, leak-offs to fifth expansion of L.P. 

Flusser and Reid: Auxiliary exhaust to first expansion of 
port L.P., or third expansion of both L.P.’s or to third expan- 
sion of main; or to condensers. Smith and Lamson: Auxil- 
iary exhausts to third expansion of L.P.’s or to condensers. 
Preston: Auxiliary steam exhausts to third expansion of 
L..P.’s or to condensers. 

Flusser and Reid: Have no auxiliary condenser. Smith, 
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Lamson and Preston: Have auxiliary condenser. Flusser, 
Reid, Smith and Lamson : Have dynamo exhaust to auxiliary 
exhaust or to condenser. Preston: Has no dynamo exhaust 
to main condensers. F/usser and Reid: No relief valve or 
overflow to main feed pumps. Sth, Preston and Lamson: 
Overflow to reserve-feed tank. 

The following small changes in machinery arrangements 
have resulted in increased efficiency : 
Flusser. 

(1) Installed both distillers in engine-room hatch, higher 
than the original position. 

(2) Baffled evaporators. 

(3) Substituted iron for copper washers under stud bolts 
connecting boiler casing to water drums. 

(4) Installed water-service piping to main bearings. 

(5) Installed suctions to trimming tanks. 

(6) Installed additional baffle ring abaft main bearings to 
prevent leakage of oil, forced oiling system. 

(7) Removed upper layer of brick in side walls of furnaces 
to prevent formation of soot pockets. 

(8) Installed new valve (auxiliary exhaust) with square- 
sectioned socket to prevent the valve from rotating. 
-4(9) Installed drain castings of larger internal diameter for 
oil drains to main bearings. 

(10) Removed loofa from feed tanks and cut through feed- 
tank partitions. 

(11) Port shaft worn ;}3, in all bearings except two, 
which were ;4, ; relined. 

(12) Installed deck valve gear to blowers. 

(13) Replaced thrust rings with others of a composition 
noted further on. 
Reid. 

(1) Baffled evaporators, and put in two circular discs to 
prevent priming. 

(2) Installed another distiller and moved both distillers 
to a location in the engine-room hatch. 


68 
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(3) Installed connection from trimming tanks to feed-water 
tanks and main air pump. 

(4) Installed measuring tank from distiller to trimming 
tank, ship’s tanks and reserve-feed tank. 

(5) Installed brass baffle between oil-baffle rings on shaft 
and baffle abaft main bearings. 

(6) Put in canvas strips around corners of bearing pockets 
to further prevent loss of oil. 

(7) Installed water service from evaporator-feed pump to 
bearings. 

(8) Removed packing from all pumps and substituted 
garlock packing. 

(9) Put apron on all boilers from top of ash pan to furnace 
doors, to keep ashes and coal from blocking up holes in air 
casing. 

(10) Reamed out rock shafts and put in larger taper pins 
in fire and bilge and auxiliary feed pumps. 

(11) Had a new design of brick for furnace side walls man- 
ufactured, in order that top of lower drums between tubes 
could be readily cleaned. 

(12) While steaming with four boilers on March 11, 1910, 
speed 25 knots, water was lost in boilers ‘‘C” and “ D,” and 
fires were hauled. The inner row of tubes in these boilers 
were found to be distorted, and a ruptured tube was found in 
each boiler. All tube joints in the steam drums were found 
to be leaking badly, and a few tubes were found to be leaking 
in the bottom drums. Several tubes were cut out, and the 
ruptured tube in boiler ‘“‘D” was replaced ; also, tubes were 
cut out to get at the ruptured tube. In boiler “C” the rup- 
tured tube was plugged. To replace the damaged tube would 
have necessitated cutting out a large number of tubes. All 
tubes were rolled and the boiler subjected to a water test of 
400 pounds. The boilers were found to be tight, and steam 
was raised on March 16, rg10. No leaks have developed 
since. 

(13) Installed connections from trimming tanks. 
(14) Changed exhaust leads from blowers to prevent water 
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in the exhaust from fire and bilge pump and auxiliary-feed 
pump from being forced back into the blower cylinders when 
the pumps are started. 

(15) Installed oil manifold with larger discharge, to pre- 
vent loss of oil. 

Smith : 

(1) Installed new manhole plates, two-dog type, replacing 
the one-dog type. 

(2) Added eight feet to smoke pipes to prevent gases from 
being drawn down into fire and engine rooms. 

(3) Installed new distiller on deck. 

(4) The original braces on the blowers were entirely too 
light. ‘They were replaced with heavy angle iron, a 32-inch 
plate being bolted under the blower foundation. This greatly 
decreased the vibration. The forced-oil system was not effi- 
cient on account of heavy vibration, and an independent oil 
system was installed in each fireroom. This independent 
system is very satisfactory. The fan shafts above the fan 
were too light and had too little bearing surface. The shaft 
would bend jst below the spider. To remedy this the shaft 
was cut off above the fan and a larger exterior shaft keyed on. 

(5) The vibration of the blowers caused the blower-exhaust 
pipes to split and tear at the joint where: the blower exhaust 
is brazed into the auxiliary exhaust line. An “S” has been 
put in the pipes and the vibration decreased so that no more 
trouble has occurred. 

(6) A feed-water heater was fitted to the evaporators. 
Lamson : 

(rt) Cut door and door-liner arches in two parts, so that in 
renewing these only the lower more frequently burned part 
has to be replaced. 

(2) Blanked off discharge from feed-water heater drain to 
upper part of tank and connected the drain to the lower part 
of the feed tank, thus warming water in feed tanks 20 to 30 
degrees higher than was attained before. 

(3) Connected auxiliary condenser to the fresh-water tanks, 
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so the condenser can be used as a distiller, and the water run 
back to these tanks. 

(4) Baffled both evaporators, thus increasing their capacity 
20 to 30 gallons per hour. A separator is also to be put in 
the line between the evaporator and the distiller. 

(5) Put a sloping wall in back of boilers, and have never 
had to repair them since, thus providing better support for 
back bricks. 

(6) Connected evaporators to a small waste tank, so water 
can be tested before pumping it to reserve tanks. 

(7) Put a snifting valve on salt-water side of auxiliary con- 
denser. 

(8) Connected main drain in after part of engine room to 
bilges. 

(9) Trouble has been experienced with a Blake (Duplex) 
F. & B. pump; this trouble was finally traced to the tight- 
ness of the piston packing rings. This tightness caused the 
shearing of pins in the valve rocker arm. 

Preston : 

(1) Installed cast-iron liners and cheek plates in furnaces, 
thereby forming better support for front wall. 

(2) Changed arrangement of bricking and form of anchor 
bolts, front wall, all boilers. 

(3) Protected boiler casings (side) with mill-board secured 
and bounded by iron strips. 

(4) Reamed out tight condenser-tube ferrules, to prevent 
them backing out when subjected to vibration. 

(5) Installed both distillers on deck, well above original 
position. 

(6) Baffled evaporators; changed size and lead of vapor- 
pipes; installed feed-water heater; installed small distiller 
discharge tank for aeration and testing of water. 

(7) Installed suctions to trimming tanks. 

(8) Installed distiller fresh-water-pump suction to reserve- 
feed tank and discharge to feed tank. 

(9) Removed main feed-pump butterfly throttle and feed- 
tank float. 
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(10) Substituted soft packing rings for babbitt packing 
rings, main feed-pump water pistons. 


SUMMARY. 


In the Flusser and Rezd the arrangement of scoops with 
small auxiliary circulating pumps were found to be inefficient 
for maneuvering. The installation of larger pumps has been 
authorized. A change in lead of exhaust piping in the fire- 
rooms has been made to prevent water being forced back into 
the blower-engine exhaust and thence into blower-engine 
cylinders, when pumps are started. This occurred on both 
these vessels, and was responsible for blower breakdowns. 
The composition of the thrust rings on the Flusser has been 
changed, trouble having been experienced with heating of 
the thrusts. The former rings were 6 parts copper, I part 
tin, } part zinc, by weight. Without showing excessive heat 
—by thermometer or to touch—these rings ran warm and 
were worn as if ground down on an emery wheel, thus wiping 
off small particles which filled the oil grooves and were de- 
posited in the forced-oiling system. These rings were re- 
placed by others in which the } part zinc was changed to } 
part lead, and the trouble ceased. 

On June 28, 1910, the Flusser, in a dense fog, struck the 
mooring chain of a large nun buoy with her port propeller. 
A crack extending along the upper thrust-bearing cap, L.P. 
turbine, was discovered soon after. ‘There is a difference of 
opinion in the Division as to whether the shock of the pro- 
peller fouling the buoy could have caused this crack. 

The Smzth and Lamson have suffered from blower trouble, 
due to inadequate foundations, and to tearing away of brazing 
on blower exhausts, due to vibration; also to the angle at 
which the exhaust leads into the line. Considerable difficulty 
with leaky bulkhead stops has been experienced and finally 
overcome, as shown in the sketch appended (Plate II). On 
the Smzth, while warming up and while the jacking gear was 
in, the thrust on the worm tore out its bed plate (the end of 
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the oil-pocket casting on the M.H.P. turbine casing), This 
was probably due to excessive vacuum while the jacking gear 
was in, or to large steam pressure accidentally used in warm- 
ing up, or to both. 

Eight feet has been added to the height of the Smith's 
smoke pipes, which relieves the great discomfort caused by 
smoke and cinders pouring down engine-room hatch. A sim- 
ilar change has been authorized on all the other vessels. 


A 


Material soft copper of about 
N® 28 gauge witha filling 

between of ~ 900 0r Tauril Main Steam Stop Valve Pad 
as used onthe USS. Smith 


RRS 


oN 
o~ SS 























Plate Il. 


The Preston, due to the excellence of the girder founda- 
tions, has escaped blower troubles. The main feed pumps 
have given trouble, due to the babbitt-metal rings on the 
water pistons. So long as the feed water is pure these rings 
seem to be all that is desirable; but so much trouble has 
been experienced from sand in the feed water, obtained from 
water boats, that these babbitt rings have been removed and 
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soft packing substituted. The Pres/on has on two occasions 
had condenser troubles, due to tight ferrules. 

The wear of main bearings has been greater than the text- 
books relating to marine turbine installations lead us to expect. 
On the Flusser, for example, the wear experienced in six 
months’ cruising has amounted to .o13. 

The practice of having steel yokes, valves and stems of 
such valves as are installed in and around the bilge, and on 
stops and checks, is considered to be a mistake; and these 
steel parts will have to be renewed with composition. 

The installation of Class ‘‘A” steel bolts, studs and nuts in 
main steam lines has led to great annoyance and inconvenience 
whenever joints have to be broken. In some cases 50 per cent. 
of these studs have been sheared, although they had been 
graphited during the former making of the joint. 

The use of loofa in the feed tanks has been discontinued. 
The loofa disintegrates and passes on through the feed system ; 
and traces of it have been found in the boilers. The tube- 
sheets and tubes of the feed-water heaters have been found 
plastered with loofa. On the full-speed runs no chances were 
taken in having a system clear of this trouble, but the loofa 
was removed from the filter tanks. 

The usual difficulty of leaky bulkhead stops has been rem- 
edied by a simple device designed by Chief Machinist Mate 
G. W. Keogh, of the Smzth. Sketch of this device is ap- 
pended (Plate II). This device is recommended for use in 
cases where leaky stops so frequently prevent repair work 
from being promptly undertaken. 


DISCUSSION. 


COMMANDER C. W. Dyson, U. S. N.—The coal-consump- 
tion curves furnished by Lieutenant Commander Boyd show 
a heavy decrease in economy for the Preston after the pro- 
pellers had been changed. 

As originally installed on this vessel all propellers were 
similar, according to the following particulars : 
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Each propeller : 

Diameter, inches, . ; ‘ ; 60.0 

Pitch, inches, . : ; : ; 57-0 

Projected area, square feet, . ; 12.27 


On account of an injury to one of the outboard propellers 
both of these were replaced by the spares, the original middle 
propeller being retained. As thus fitted, the particulars of 


the propellers are as follows: 
Starboard and Middle 


port shafts. shaft. 
a ee oe ene 63.0 60.0 
TL ee ee ee ee 57-0 
Projected area, square inches, . . . . 12.98 12.27 


The starboard and iniddle screws are right-hand ; the port 
screw is left-hand. 

It is inherent with the three-shaft arrangement that the 
middle screw works at a disadvantage as compared with the 
outboard screws, on account of the much heavier wake. 

A heavy wake, for high efficiency of propeller, entails in- 
crease in diameter, decrease in pitch and increase in surface 
over that required for propellers of equal efficiency working 
in a smaller wake. 

While it is customary in destroyer design to make all three 
propellers alike as to pitch, diameter and surface, the arrange- 
ment does not tend to efficiency, and any further variation in 
the sizes of the propellers towards reducing the elements of 
the middle propeller below that of the wing screws will tend 
still more towards destroying the necessary synchronism which 
must exist between the three for maximum efficiency, and 
will still further reduce the impaired efficiency obtained when 
the three propellers are similar. 











AIR PUMPS AND CONDENSERS. 


AIR PUMPS AND CONDENSERS AS USED IN 
NAVAL MACHINERY. 


Lecture delivered before the School of Marine Engineering, U. S. Naval 
Academy, Annapolis, Maryland, April 29, 1910, by CAPTAIN 
F. H. BatLey, U. S. Navy, General Inspector 
of Machinery for the Navy. 


In the early days of steam engineering, when steam press- 
ures were only a few pounds above the atmosphere, a good 
vacuum was of the utmost importance. As steam pressures 
increased, and our engines were speeded up, less benefit was 
derived from the vacuum. This is especially true of the 
high piston speeds used of late in marine engines, for it is 
impracticable to build the low-pressure cylinders large enough, 
or to provide sufficient port and valve area, to economically 
utilize steam at three or four pounds’ absolute pressure. In 
fact, an examination of the indicator cards from almost any 
of our large ships at full power will show a back pressure in 
the L.P. cylinders from five to ten pounds absolute. 

The introduction of the marine turbine allowed steam to 
be expanded down almost to the limit of pressure correspond- 
ing to the temperature of the condensing water, without 
greatly increasing its size, since it only required the addition 
of a few more rows of slightly longer blades and a freer ex- 
haust to the condenser. 

Condensing apparatus which was perfectly satisfactory for 
reciprocating engines that did not need a vacuum above 26 
inches is not satisfactory for turbines, which can easily ex- 
pand their steam down to 28 or 29 inches. That the gain 
due to a better vacuum is of great importance, even with 
high-pressure steam, can be easily shown theoretically from 
the laws of thermodynamics. The actual gain may not be 
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quite as great as the theoretical, but it is the increased economy 
due to the use of this better vacuum that makes the turbine 
so efficient. Without it but few turbines would be in use 
today for marine purposes, 

The production of a good vacuum depends upon three 
factors. 

First and most important: All air should be kept out of 
the condenser as far as it can possibly be done. 

Second: The condenser should be so constructed that the 
air and steam, while sweeping over all the cooling surface, is 
brought to the air pump with the least possible loss of press- 
ure, and at the same time is cooled to the temperature best 
suited for the vacuum desired. 

Third: The design of air pump. 

Air in Condenser.—The importance of keeping air out of 
the condenser by stopping every possible air leak, whether it 
be a joint, a pet cock or a stuffing box, can hardly be over- 
rated. ,With the same vacuum and the same temperature the 
proportions of air and steam are constant ; hence, the volume 
of this mixture to be handled by the air pump will vary di- 
rectly as the amount of air present. Could all air be kept 
out the capacity of the air pump would need to be only suffi- 
cient to handle the condensed water. Do not forget that the 
capacity of the air pump, beyond that required to handle the 
condensed water, depends entirely upon the air leakage and 
not upon the horsepower of the engine, when the same 
vacuum is to be maintained at the same temperatures. 

Air is harmful in another way. Experiment has demon- 
strated that the cooling surface is far less effective when much 
air is present. This appears to be due to the fact that the 
temperature of a mixture of steam and air is lower than that 
of saturated steam alone at the same pressure. This reduces 
the difference in temperature between the mixture of steam 
and air inside the condenser and the cooling water so that a 
less amount of heat is transmitted per unit of condenser sur- 
face. It is also probable that the cooling surface is always 
covered with a layer containing more air than the surrounding 
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steam due to air being carried along with the flow of steam 
against the cooling surface, where the steam is condensed and 
runs off as water, but the air not being condensed cannot 
escape so easily. 

Arrangement of Cooling Surface.—With regard to the 
second factor, the exhaust should flow over the whole of the 
cooling surface with the smallest possible loss of pressure on 
its way to the air pump. 

Air Pockets.—lf there are any pockets or dead space in a 
condenser they become filled with air, and the cooling surface 
at that point is rendered practically useless. That part of 
the condenser becomes air-bound. This condition often oc- 
curs in feed-water heaters and evaporator coils, where a float 
trap permits the water alone to pass. On the trials of a cer- 
tain scout cruiser, where the feed-water heater was fitted with 
a glass gauge, it was observed that the water was carried 
about the middle of the glass and above the drain. Under 
these conditions no air could escape, and the heater soon be- 
came filled with air instead of steam. ‘The drain pipe, which 
was not lagged, was cold tothe touch. That feed-water heater 
was ineffective because the man in charge of it did not crack 
the by-pass valve and let a little of the exhaust steam and 
air escape to the condenser. 

Baffles.—The original condenser designed for the Zexas 
received the exhaust at the middle of the top, and delivered 
it to the air-pump suction at the middle of the bottom with a 
suitable baffle between, making a satisfactory arrangement. 
In working out the arrangement in the ship the location of 
the air-pump suction was changed to one end without making 
any change in the baffling. On her first trials she could not 
get a good vacuum, for the steam followed the line of least re- 
sistance and took a short cut across one end to the air-pump 
suction. When the baffles were suitably arranged no further 
trouble was experienced. 

Baffles cause increased resistance in the flow of exhaust 
steam through the condenser to the air-pump suction. They 
are usually necessary, but should be used as sparingly as 
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possible. We must always bear in mind that it is the vacu- 
um at the turbine or engine which counts and not that at the 
air pump. The exhaust pipe from turbine to condenser 
should be large, the nozzle on condenser well spread out over 
the tubes, and the tubes theinselves, where the exhaust steam 
enters, should be widely spaced, with open lanes extending into 
the tube nests so that the great volume of exhaust steam can 
coine in contact with as much tube surface as possible when 
it first enters the condenser. A large part of the steam will 
then be condensed by the first rows of tubes, reducing the 
volume so much that the remainder can easily flow between 
the more closely-spaced tubes. All the steam should, so far 
as possible, pass over the same amount of tube surface, so 
that the condensed water and air will have a uniform temper- 
ature when it is collected at the air-pump suction. 

At this point we will find the coldest steam in the con- 
denser and likewise the greatest percentage of air in a given 
volume, hence the air pump will remove the greatest quan- 
tity of air per stroke. 


TABLE I.—DaTa FoR CURVES ON PLATE I. VACUUM = 26.28 INCHES. 








- 

PA Pressures. Volume, cubic feet. | Per cent., 
5 § by volume. 
“3 7 eae SY pe nme 
a5 
5° |Steam. Air. Total. _Steam.| Air. | Total. | Steam. Air. 
a) 


122.8 1.823 .000226 1.823 | 676,800; 84 | 676,884)| 99.988 | 0.01241 


122.0| 1.785  .038 1.823 3,946| 84 4,030 | 97.92 2.08 
120.0, 1.689 .134 1.823 1,059| 84 1,143 | 92.65 7.35 
117.0) 1.552 .271 1.823 481| 84 565 | 85.13 | 14.87 
114.0/| 1.426  .397 1,823 301 | 84 385 | 78.18 | 21.82 
III.0| 1.308 | .515 1.823 213| 84 297 | 71.72 | 28.28 
110.0 1.267. .556 1.823 I91|} 84 275 | 69.50 | 30.50 
108.0 | 1.200.623 1.823 162; 84 246| 65.85 | 34.15 
105.0 | 1.098 | .725 1.823 127| 84 211| 60.19 | 39.81 
100.0; .946 .877 1.823 gt| 84 175| 52.00 | 48.00 
g90.0| .696 1.127 1.823 52| 84 136| 38.24 | 61.76 
80.0; .506 1.317 1.823 32| 84 | 116| 27.58 | 72.42 


Design of Air Pump.—Before taking up the air pump 
itself, I will direct your attention to curves (Plate I) showing 
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the reduction in the volume of steam and the increase in the 
percentage of air, as it is cooled while passing through the 
condenser. The performance of the starboard engine of the 
North Dakota during her four-hours full-power trial has been 
selected for this purpose. The curves are plotted from the 
data given in Table I. 

The engine was working up to 14,345 I.H.P., with a vacu- 
uin of 26.28 inches, or 1.823 pounds absolute pressure, and a 
hotwell temperature of 104 degrees F. The capacity of the 
air pump for each double stroke was 20 cubic feet, or at the 
average speed of 14.87 double strokes, about 298 cubic feet, 
per minute. Allowing a loss of pressure in the pump of one- 
fourth inch for lifting the foot valves and flowing through 
the layer of water over them, gives an absolute pressure in 
the pump of 1.7 pounds. Assuming that the temperature 
inside the air pump is the same as that of the hotwell, an 
assumption justified by the large amount of water present, we 
find that the pressure due to the steam is 1.066 pounds, and 
to the air, .634 pounds. Allowing 15 pounds of steam per 
I.H.P. per hour, the volume of water passing through the air 
pump is 57.38 cubic feet per minute, or in percentage we are 


pumping— 


Steam, . ; ‘ : 50.64 
Air . 3 : ‘ . ; 30.11 
Water, . ; F . , ; 19.25 


Making the proper corrections for the higher pressure in 
the condenser, the volumes pumped out of the condenser per 
minute become, in cubic feet, 


Steam, ; : : : . ‘ 141 
Aw, ’ ‘ ‘ ; ‘ ; 84 
Water, P i : , : ; 57 


The volume of steam entering the condenser per minute at 
an absolute pressure of 1.823 is, in this case, 676,800, and of 
the air, as we have already found, is 84, making a total of 
676,884. 
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The proportion of air at first is so small that the mixture, 
if I may be permitted to use the term, acts like pure steam, 
and you will see, from an examination of the chart, that 
lowering the temperature only .8 of a degree reduced the 
total volume from about 677,000 to only a little over 4,000 





Plate I. 
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cubic feet, and increased the percentage of air present from 
.O12 toover 2. Lowering the temperature 12 degrees further, 
or to 110 degrees, decreases the volume to 275 cubic feet, and 
the percentage of air is increased to over 30. Here you will 
observe that the direction of the curve is changing very rap. 
idly, and the total volume which in each case represents the 
total quantity to be pumped out, or the required capacity of 
the air pump for that particular temperature pressure and 
volume of air, now begins to decrease much more slowly. 

Referring again to Plate I, the lower set of curves are 
drawn in the same way for the same actual amounts of steam 
and air. The vacuum, however, is only 28 inches, or one 
pound absolute, and the curves are constructed from the data 
given in Table II. 


TABLE II.—DaTa FOR CURVES ON PLATE I. VacuuM=28 INCHES. 


Per cent., 





# = Absolute pressures. Volume, in cubic feet. b 

ea y volume. 
ae a sg ro 

Pa = 8 Steam.) Air. Total. Steam. | Air. | Total. |Steam.! Air. 
101.84 1.000 | ,0001228 1.0 1,195,417 145.7 |1,195,563 | 99.988 | 0.01228 
100.0 0.946 | .054 1.0 2,552 | 145-7 2,698 | 94.6 5.4 
97.0 0.864 | .136 1.0 926 | 145.7 1,072 | 86.4 13.6 
94.0 (0.788 | .212 1.0 541 145.7 687 78.8 /|21.2 
gt.o 0.718 | .282 1.0 371 | 145.7 517|71.8 |28.2 
88.0 0.654 | .346 1.0 275 | 145.7 421 | 65.4 | 34.6 
85.0 0594 | .406 1.0 213 | 145.7 359 | 59.4 | 40.6 
82.0 0540 | .460 1.0 17 | 145.7 317 54.0 |46.0 
79-0 | 0.449 | .51I 1.0 139 | 145.7 285 | 48.9 (51.1 
76.0 0.443 | -557 1.0 116 145.7 262 | 44.3 (55.7 
70.0 | 0.363 | .637 1.0 83 145.7 RT ic ants 
60.0 | 0.256 | .744 1.0 5° 1457 196 

50.0 0.178 | .822 1.0 3I | 145.7 177 

40.0 0,122 | 878 1.0 20 145.7 166 


32.0 0,089 | .gII 1.0 14 145.7 160 


The two curves of total volume show the enormous in- 
crease in the size of the air pump required to raise the vacu- 
um from 1.823 pounds absolute to 1 pound, or from 26.28 
to 28 inches when the same amounts of air and steam are 
present at the same temperatures. Since the temperature of 
the injection water is raised from 20 to 30 degrees at full 
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power the lower curves show how difficult it'would be to get 
a vacuum of 28 inches unless the air entering the condenser 
was reduced to a minimum. 





Plate Il. 


Percentages of Air and Steam.—Plate II shows a series of 
curves giving the percentages of air at given temperatures 
for different condenser pressures. ‘These are constructed from 
data corresponding to that in the last two columns of Tables 
Iand II. With the aid of curves of this form it is easy to 
determine the percentage of air and steam entering the air 
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pump at any time when we know the temperature and press- 
ure. I most strongly advise you to always fit a thermometer 
and good mercurial vacuum gauge to the air-pump suction 
pipe, but the greatest care must be taken to locate these in- 
struments so that you can obtain correct readings. The 
vacuum gauge must be located so that the pipe leading from 
it will always be drained, for a pocket in which water can 
collect may give very unreliable readings. 

Another feature to which I would like to call your attention 
is this: 

You will notice from the curves that almost all the steam 
is condensed with the first small reduction in temperature. 
Now, if the condenser is arranged so as to permit it, anda 
wet-vacuum pump is used, this water can be drawn off and 
some heat saved. The remainder can be cooled to the lowest 
practical limit and the work of the air pump reduced accord- 
ingly, without materially lowering the mean temperature of 
the total condensed water. 

Effect of Clearance.—Clearance in air pumps is detrimen- 
tal unless it can be entirely filled with water, which is seldom 
done. The water and steam are too intimately mixed to 
separate in the short time allowed at the end of the stroke, 
The effect is to reduce the efficiency of the pump, or the 
amount of vacuum which it can produce; thus, with no 
clearance the limit would be a perfect vacuum; with the 
clearance filled with water it would be that due to the tem. 
perature of the water. With aclearance equal to C, a volume 
at the beginning of the stroke equal to lV, the pressure of the 
steam due to its temperature /, and the total pressure at dis- 
charge /, the limit of the vacuum produced will be 


(P—p) C 
yp +h 


y 
For example, let the clearance C= ae the pressure of the 


steam be two inches of mercury and the pressure of the 
discharge 17 pounds absolute, or 34 inches of mercury, the 
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limit of the vacuum which we could produce would be 
(34—2)V 
20V 
so harmful, several methods have been devised to reduce or 
counteract its effects as much as possible, or eliminate it al- 
together. The most common way is by virtually compound- 
ing the pump as usually done in the ordinary single-acting 
pump fitted with both bucket and foot valves. In the single- 
acting pump the above calculation represents only that part 
of the pump between the bucket and delivery valves. The 
action of the part between the foot and bucket valves would 
be the same, only the pressure of discharge would be very 
much lower, rendering the effect of clearance very much less. 
Allowing the same ratio of clearance as above, we would 
have for that part of the pump between the foot and bucket 
4 (3.6—2)V 
valves rons 5 ali 
will be noted that in this case the limit is within .08 inch of 
what could be obtained without clearance. This shows why 
so much better results are obtained from vertical single-acting 
pumps than from the usual horizontal double-acting pumps 
used with our dynamo and auxiliary condensers. 
Double-acting Air Pumps.—¥or increasing the efficiency 
of double-acting air pumps a method suggested by Professor 
Hollis, of Harvard University, while he was yet an Assistant 
Engineer in the Navy, was first used on the U. S. S. Hart- 
ford. It consists in connecting the clearance spaces at each 
end of the barrel of the pump by meaus of ports cut through 
the liner. The piston overruns these ports at each end by 
about half an inch. The effect is to put the two ends of the 


= 3.6, or 26.4 per gauge. Since clearance is 


|-2 == 2.08 absolute, or 27.92 by gauge. It 


pump in communication and allow the pressures to equalize 
before the piston returns. The pressure behind the piston is 
reduced to almost that of the condenser, so the foot valves 
begin to open almost as soon as the piston begins to return. 
It has the same effect as reducing the clearance. The same 
principle is worked out in a different way by the Alberger 
Condenser Co. In this case it is accomplished by the use of 
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an equalizing port in the body of a mechanically operated 
valve which, when the piston is at the end of the stroke, con- 
nects the two ends of the cylinder, thus allowing the pressure 
to equalize. 

Another feature which demands attention is the pressure 
required to lift the foot valves and force the air and steam 
through the water in the bottom of a vertical pump, especially 
if a high vacuum is to be carried. The steam pressure in the 
air-pump cylinder, while it is being filled, will be that due 
to the temperature of the water in the clearance space, or 
practically the same as that in the condenser, but the total 
pressure will be less than that in the condenser by the amount 
lost in lifting and forcing it through the foot valves and water 
over them. 

Illustrating by example: Assume that the vacuum to be 
carried is 28 inches, or 1 pound absolute, and the temperature 
of the water is such as to produce a pressure of ;°, of a pound, 


10 
about 85 degrees, leaving the pressure of the air ;4;. Now, if 
jy of one pound pressure is lost in passing through foot 
valves, the total pressure in the pump will be ;°; of a pound, 


of which ;°,; is steam and only 


Bs air. The amount of air 


10 
discharged will be only 75 per cent. of what it would have 
been had the air and steam entered freely ; or, in other words, 
we would have to increase the volume of our air pump by 
33 per cent. to maintain the same vacuum. One-tenth of a 
pound corresponds to a little over 2} inches of water, an 
amount no greater than is usually present in a vertical single- 
acting air pump. 

I know of but two methods of avoiding foot-valve losses. 
One is to use mechanically-moved valves, and the other is to 
omit them entirely. Mechanically-moved valves are used al- 
most exclusively in dry-vacuum pumps. The objection to 
them includes the increased complication, weight and space, 
that must be greater, since it becomes necessary to add a 
crank and fly wheel to the pump. 

Foot valves may be omitted 1f we allow the piston to run 
over slots in the pump cylinder at one end, making a single- 
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acting pump, like the Edwards, for example ; or in the center, 
making a double-acting pump, of which the feather-weight 
and Bailey air pumps are examples. This last method has 
the advantage of reducing clearances, as well as eliminating 
foot valves. 

Most Suitable Type of Air Pump.—We now come to the 
question of what style or combination of air pump is the 
most suitable. Like almost any other machine, no one style of 
pump is best. for all purposes. When pumps are attached to 
main engines built for moderate speeds, the vertical single- 
acting pump cannot be much improved. The Edwards is also 
used to a considerable extent, and gives probably about the 
same vacuum as the single-acting pump, but having fewer 
parts, it is less liable to breakdowns and easier to overhaul. 
It is also capable of running at higher speeds. For high- 
speed engines the Bailey pump, such as we use on our tor- 
pedo boats and launches, appears to fulfill the requirement 
better than any other kind. Being double-acting, it has 
about twice the capacity of the single-acting pump of the 
same diameter and stroke, and consequently is much smaller 
and lighter. Like the Edwards, it has no foot valves, but, 
unlike the Edwards, the delivery valve covers the whole end. 
This enables clearance to be reduced to a minimum and the 
pump to be run as fast as the high-speed engine to which it 
is attached. 

Pumps without foot valves require more power to operate 
than those with foot valves. The reason is this: the press- 
ure on the discharge side of the pump piston is the same for 
all pumps, but on the suction side it is different. In the 
ordinary pump this suction side is connected with the con- 
denser, and the poorer the vacuum the greater is the pressure ; 
but in pumps without foot valves the pressure is very much 
less than that in the condenser until near the end of the 
stroke, when this space becomes connected with the con- 
denser. With a poor vacuum this might amount to a pound 
per square inch, or more, but with a high vacuum it is de- 
creased so as to be of little importance. All, except dry-air 
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pumps, are liable at times to get almost solid water from the 
condenser. With attached pumps and, to a less extent, with 
crank and fly-wheel pumps, this brings a great strain on the 
whole pump and is one of the chief causes of breakdowns. 
The best remedy is to arrange the condenser and piping so 
that the water will flow steadily to the pump, thus preventing 
any accumulation of water when the pump is in operation. 
In the Edwards pump the discharge valves can be made so 
large that there is little danger of it being overloaded. In 
the Bailey pump, as the valve covers the whole end, there is 
practically no danger to the pump, when well designed. It 
is doubtful, however, if in either of these pumps at high 
speed the cylinder can fill with water in the short time the 
slots are uncovered. In the usual single-acting pump the 
area through the bucket valves should be made as large as 
possible. The velocity of flow ought not to exceed 1,000 feet 
per minute. If the bucket is not large enough to admit of so 
low a velocity, then the stroke should be shortened and the 
diameter increased. Foot valves should have the same area 
as bucket valves, but delivery valves may have a larger area 
with advantage. A large air chamber should also be pro- 
vided over the delivery valves of all attached or crank and 
fly-wheel pumps, and a large pipe led to the feed tank. 

When independent pumps are used with reciprocating en- 
gines it is largely a matter of choice between ordinary twin 
air pumps and the feather-weight type. Feather-weight 
pumps placed side by side but separately driven, as on the 
Birmingham, take up no more space than the ordinary twin- 
air pump. Since there are two virtually independent pumps 
in this case, either of which will produce a fair vacuum, there 
is much less danger of having to stop the engine on account 
of air-pump breakdowns. 

At one time a number of crank and fly-wheel pumps were 
in use in our Navy. Some of these worked well, but most 
of them were so poorly designed that they were replaced by 
the direct-acting twin type. They were difficult to start, 
They were heavy and 





whenever they stopped for any reason. 
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occupied much space. About the only thing to be said in 
their favor was that they were fairly economical in the use of 
steam. With reciprocating engines some heat might be saved 
by using a wet-vacuum pump to take care of the water and a 
dry pump to take care of the air, but it is very doubtful if the 
gain would compensate us for the extra complication. 

With a turbine installation a wet and dry-vacuum pump or 
some other equivalent device is a necessity, if we expect to 
obtain a high vacuum economically, for, owing to the lower 
absolute pressure in the condenser, the volume of air and 
steam which has to be removed is greatly increased. 

Augmenter System.—As the Hon. C. A. Parsons has built 
more marine turbines than all other builders combined, it is 
reasonable to assume that he has given the subject much 
study. We will take up his system first, especially as it is 
worked out on lines which I believe to be correct. As you 
know, the augmenter takes the place of the dry-vacuum 
pump. The augmenter consists of a small condenser into 
which air and steam, drawn from the main condenser near 
the air-pump suction pipe, is forced by means of a steam jet. 
In this small condenser the steam and air are compressed and 
cooled at the same time. While the increase in total pressure 
may not be more than 1 or 2 inches of mercury, the pressure 
of air alone must have been increased that amount plus what- 
ever is due to the temperature of the steam having been de- 
creased. We have thus increased the percentage of air several 
times. This air is now discharged into the air-pump suction 
near the air pipe itself, and is prevented from flowing back 
into the condenser by means of a water seal. The air and 
condensed steam are then removed by the ordinary air pump. 
The important point here is that, no matter how much you 
increase the total pressure, so long as the temperature is not 
allowed to rise, the increased pressure is due entirely to the 
increased air which has been concentrated in this way. 

Wetr Uniflux System.—Weir, in his recent design of air 
pump, which we will use in some of our new battleships, ac- 
complishes this result in another way. His air pump consists 
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of two air cylinders worked by a beam in the usual way, 
Each cylinder is a complete single-acting air pump of the 
usual type. One cylinder is used as a wet and the other as a 
dry-vacuum pump. The dry pump takes its steam and air 
from the top of the air-pump sucticn pipe and discharges it 
into the wet-vacuum cylinder above the bucket valves through 
valves opening downwards in the delivery-valve plate. As 
this discharge takes place during the down stroke of the wet 
pump the pressure is low. The air and vapor are cooled, I 
believe, by means of a spray of cold, fresh water admitted into 
the pump. Since the pressures are never high the dry-vacu- 
um pump has but little work to do and it ‘throws but little 
additional work on the wet-vacuum pump. 

The principle in both the above systems is to compress and 
cool a large volume of steam and air into a much smaller 
volume, containing all the air but only a portion of the steam, 
thus allowing it to be handled with a much smaller pump. 

Separate Wet and Dry-Air Pumps.—The U. S. Scout 
Salem has an arrangement similar to that successfully used 
in many shore installations. It consists of a centrifugal wet- 
vacuum and a reciprocating dry-air pump. The wet-vacuum 
pump is a turbine-driven two-stage centrifugal pump. This 
pump removes all the water of condensation from the con- 
denser and delivers it to the feed tank. As the water flows 
by gravity into its suction it primes itself and cannot get air 
bound. It delivers the water steadily as it flows into the 
pump so long as it is kept running at a fixed speed. The 
dry-air pump is driven by a single-cylinder steam engine with 
fly wheel. The steam cylinder is 10 inches and the air cyl- 
inder 24 inches in diameter, with a common stroke of 18 
inches. The air cylinder is water-jacketed for cooling pur- 
poses. It has mechanically-operated flat slide valves. Since 
this receives the air and vapor at a pressure of about 1 pound 
absolute under ordinary conditions and delivers it at 15 
pounds, the load on the piston is 15 times as much at the 
end of the stroke as at the beginning. Like all crank and 
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fly-wheel pumps it is liable to stop if run very slowly, and 
when stopped cannot always be quickly started. 

You now have a general description of three methods of 
removing steam, air and fresh water from turbine condensers. 
Let us now make a comparison of these different methods and 
see which seems to be best fitted for our purpose. 

In making this comparison there are four things to be 
considered : 

1st. Reliability. 

2d. Efficiency of the apparatus in producing a vacuum. 

3d. Economy in steam consumption. 

4th. Weight and space occupied. 

Reliability or freedom from break-downs or derangement, 
or the certainty that the apparatus will not stop ata critical 
time, is of the first importance. 

In the first or Parsons system the augmenter or dry-vacu- 
um pump is about as simple and has as few chances of going 
wrong as anything that can be found on board a ship. It 
may, in fact, be regarded as thoroughly reliable. 

The wet-vacuum pump is exactly the same as an ordinary 
air pump, and, therefore, just as reliable. Should the aug- 
menter fail the wet-vacuum pump would still continue to 
produce just as good a vacuum as usual with an air pump 
working in the ordinary way. The vacuum would probably 
not fall off more than an inch or two at the outside. 

In the second or Weir’s system both the wet and dry-air 
pumps are similar in design to the ordinary air pump, and 
should be no more liable to breakdown. The failure of the 
dry-air pump would still leave the wet-air pump in operation, 
so that a fair vacuum would still be maintained, but the fail- 
ure of the wet-air pump alone would render the whole appa- 
ratus useless, 

In the third case, which is represented by the .Sa/em’s 
installation, where the wet and dry-air pumps are separate 
units, the failure of either renders the other useless, for the 
dry-air pump cannot pump water and the wet-air pump can- 
not produce much of a vacuum, although I was informed by 
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the engineer of the Kent Avenue power station in Brooklyn; 
N. Y., that their centrifugal wet-air pump alone would main 
tain a vacuum of 16 inches. The centrifugal pump itself is 
not very likely to get out of order, and, when turbine driven, 
should be quite reliable. The ordinary reciprocating pump 
could be used if preferred. In either case, the pump must be 
placed below the condenser and the suction pipe led so that 
the water will flow by gravity into the pump, so that there 
will be no danger of it becoming air-bound. The dry-vacu- 
um pump, with its mechanically-moved valve and its crank 
and fly wheel, if made large and strong, would not be likely 
to give trouble. You may ask why a crank and fly wheel are 
necessary. Dry-vacuum pumps, which are always double- 
acting, must be made with as little clearance as possible, 
since there is no water present to fill the spaces, and a fixed 
length of stroke is necessary to accomplish this result. Me 
chanically-moved valves are also desirable, and can best be 
driven and controlled from the crank shaft. The fly wheel 
is necessary to give a more uniform motion, and a crank and 
fly-wheel pump is more economical in the use of steam. 

With a single air cylinder, as used on the Sa/em, the pump 
receives the air and steam at a pressure of, say, 1 pound, and 
discharges it into the atmosphere at a pressure of about 15 
pounds absolute. This is over a very wide range, and not 
ouly tends to make the pump work irregularly, but it also 
heats the air and steam due to the compression, thus increas- 
ing their volume and also the work required to run the pump. 

I believe that better results would be obtained by coin- 
pounding the pump, that is, using two air and two steam 
cylinders, with the cranks at right angles. The first pump 
cylinders would compress the air and steam to four or five 
times its initial pressure, and the second cylinder would finish 
the compression. Ina receiver between the two cylinders a 
cooling coil could be placed which would condense most of 
the steam, thus reducing the volume and the total work con- 
siderably. It should make a smooth-running pump and one 
not liable to stop. Since the compression would be but } or 
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+ as much in the first cylinder the loss from clearance would 
be very much less than when only a single cylinder is used. 
With the air leakage constant, so long as the condenser sup- 
plies the air pump with air and steam at a certain temper- 
ature, the volume of air and steam so supplied will depend 
entirely upon the pressure. The lower the pressure or the 
better the vacuum the larger will be this volume, for, the 
temperature being constant, the pressure due to the steam will 
be the same, and the pressure due to the air will be the differ- 
ence between the pressure of the air and the absolute pressure 
or vacuum produced by the pump. Now, the volume of any 
given quantity of air will vary inversely as its pressure ; 
therefore the efficiency of any pump, so far as the production 
of a vacuum is concerned, depends entirely upon the volume 
of air and steam which it removes from the condenser. To 
illustrate by an example, suppose the temperature is 102 de- 
grees, the pressure due to the steam alone would be 1 pound 
absolute. Now, in maintaining a vacuum of 26 inches, or 2 
pounds absolute, half of the volume pumped would be air and 
half steam ; or, to pump out 1 cubic foot of air at 2 pounds’ 
pressure we would have to also pump out 1 cubic foot of 
steam, making 2 cubic feet in all. To maintain a vacuum of 
27 inches, or 14 pounds absolute, with the same temperature, 
the steam pressure would be 1 pound, as before, but the 
pressure of the air would be but } pound, or 3 of the volume 
would be steam and } air. Since the air is but half as dense 
as before, we must pump out 2 cubic feet to get the same 
weight of air as before, and with it we must pump out 4 cubic 
feet of steam, or 6 cubic feet in all. In other words, we re- 
quire three times the air-pump capacity in this case to gain 
1 inch in our vacuum. 

It is now quite evident that the apparatus which handles 
the greatest volume of steam and air as it comes from the 
condenser will give the best vacuum, and, in my opinion, the 
choice in this respect lies between the augmenter and the 
crank and fly-wheel dry-vacuum pump. Unfortunately, as 
regards the augmenter I know of no experiments which show 
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how much air and vapor an augmenter of a given size does 
handle, and so cannot make any real comparison. We know 
that a steam jet is not an economical way of producing press- 
ure, but in this case the pressure does not have to be increased 
very much to concentrate the air, since steam is being 
condensed in the augmenter at the same time. Until some 
one attaches thermometers and mercurial vacuum gauges to 
the main condenser and wet-air pump connections of the aug- 
menter condenser, we will never know just how much the 
density of the air is increased in passing through the aug- 
menter. 

Such experiments are well worth trying, and I hope some- 
time some of you will not only have the opportunity but will 
take advantage of it and publish the results in the Society’s 
journal. I think there is no question but that equally as 
good, if not better results, can be had with a well designed 
dry-vacuum pump, but unless the results are better the aug- 
menter is the simpler and, therefore, preferable. The Weir 
system is well worked out and it should give better results 
than the ordinary air pump alone, but owing to its slow speed 
the volume of air and steam which it can handle is less than 
with either of the other systems. Independent air pumps of 
the ordinary type are very wasteful of steam. This is due to 
the fact that the highest pressure in the pump is at the end, 
thus requiring a cylinder full of steam at maximum pressure 
for each stroke. It seems to be a necessary evil for this type 
of pump, but the pump as a whole gives such good satisfac- 
tion that few of us would care to change, since crank and fly- 
wheel air pumps have proven so unsatisfactory in general. 
As the trouble with crank and fly-wheel pumps was due 
chiefly to the irregular flow of water through the pump, this 
objection does not apply to a dry-vacuum pump, and a great 
increase in steam economy can be obtained by using a crank 
and fly wheel. In the scout-cruiser trials the main air pump 
of the Chester used more steam than both the wet and dry- 
vacuum pumps of the Sa/em, and I feel quite sure that the 
separate wet and dry-vacuum pumps will always be found the 
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most economical combination so far as steam consumption 
alone is concerned. 

With regard to space and weight much depends upon the 
care with which the different designs are worked out, but it 
is probable that the separate wet and dry-vacuum pumps 
would be heavier and require more space. 
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SCREW PROPELLERS. 


(Continued. ) 


By COMMANDER C. W. Dyson, U. S. N., MEMBER. 


THE INFLUENCE OF TIP SPEED OF PROPELLER BLADES ON 
PROPELLER DESIGN. 


In the paper prepared by the writer and published in the 
August, 1910, number of this journal, entitled “Screw Pro- 
pellers,” a chart is given which ties together the following 
elements in propeller design: Apparent slip; indicated thrust 
per square inch of disc area; ratio of projected area to disc 
area; propulsive coefficient and block coefficient of fineness 
of the hull. 

From this list there is one element missing, and it is an 
elemnent of considerable importance in propeller design, viz: 
tip speed. In order to take this missing element into con- 
sideration the chart shown on Plate 5 has been repeated in 
an extended form in this paper (Plate 8). 

The changes made in this chart from that on Plate 5 areas 
follows: The propulsive-coefficient curves have been raised 
sufficiently to bring them above and clear of the apparent 
slip curves, and have been extended to the right to give esti- 
mated values of this coefficient at low values of indicated 
thrust per square inch of disc area; the apparent slip curves 
for projected-area ratios of .32 and .54 have been plotted for 
these same low values of indicated thrust, while those for a 
projected-area ratio of .54 at high values of thrust have been 
eliminated; in addition, below the slip curves have been 
plotted curves of tip speed for several values of projected-area 
ratios, using only such propellers as approximated very closely 
in the forms of projected areas to the Bureau Standard forms 
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and whose performances checked up very closely with the 
chart. 

Cross curves of tip speeds at critical thrusts and at thrusts 
for maximum propulsive coefficients are shown with these 
other curves of tip speeds. 

The method of design in which these curves of tip speeds 
are used is shown by the following example, in which revo- 
lutions, R, are replaced by tip speed (T. S.) divided by = 
diameter (z D), and the two equations for pitch (P) and diam- 
eter are derived as follows: 


Let T.S. = tipspeed, in feet per minute; 

$ = percentage slip, from chart ; 

P.C. = propulsive coefficient, from chart ; 
I.H.P. = indicated horsepower = S.H.P. + .g2; 
E.H.P. = effective horsepower = I.H.P.  P.C.; 

S = speed corresponding to E.H.P. and is taken from 
the model-tank curves, the hull of the model 
when towed being fitted with all appendages ; 

P = pitch of propeller, in feet ; 

D = diameter of propeller, in feet ; 


T.S. - 
x > 


R = revolutions per minute of propeller 


ye 
> 
P R I =D 
Speed of ship per minute = 101.33 5. 
P x T.S. X (r—8) 
zD , 
d = apparent slip of propeller in feet per minute. 


P 


(1 s)P XR= 


d=PxR—PXR X(1-—s) Px<R®s 
(a¢D 
“Se. tS 
Total indicated thrust = total I.T. 


T.S. 
I.H.P. X 33,000 + P X R =I.H.P. X 33,000--P X= D: 


Substituting in this equation the value of P from equation 
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(1), we have 


ee. d X zD ie 
it — ss ai i 
Total indicated thrust=I.H.P. * 33,000~ STS. 


zD 
ILHP. X 33,000 X s 
q 
Disc area of propeller, in square inches, =}zD? x 144. 
I.T. indicated thrust per square inch of disc area correspond- 
ing to the T.S. and projected-area ratio used, and is taken from 
the chart. 
Total indicated thrust 
Disc area in square inches 


Ivy oe ie 
ad LT ge -:-4xD? <144 


I.T. 


4 X1.H.P. x 33,000 Xs 
dxXzxD?x144 — 


. pr—4 <1.H.P. X 33,000 Xs 291.78 XI.H.P. Xs 
oem bk gg A od d XLT. ‘ 


APPLICATION OF EQUATIONS (I) AND (2). 


1. High Power, Moderate Number of Revolutions, Limited 
Diameter. 


Block coefficient of fineness of vessel =.60 ; 
Designed I.H.P. of engines=25,000 ; 
Number of propellers=2 ; 
I.H.P. per propeller= 12,500 ; 
Revolutions=122 ; 
Maximum allowable diameter of propeller=18 feet 3 inches; 
Maximum tip speed for this diameter= 
18.25 Xz X 122=6,995 feet. 

Beginning with a projected-area ratio of .342, which corre- 
sponds to this tip speed on the curve of tip speeds at critical 
thrusts, maintaining this tip speed and using various P.A. 
ratios on each side of .342, we have, by taking the I.T.s, pro- 
jected-area ratios, apparent slips and propulsive coefficients 
corresponding to this tip speed, as plotted on the curve of tip 
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speeds for the various P.A. ratios, from the chart, and tabu- 
lating them, we have 


- r= a) z a «* 

os E rr . 2 . xl. 

~ oi Ss = a “ = | “i 

. if 4 = 4 

o 4 ae & x 4 - - : | ie 

fl elg [om 8) . | OXI E | eg. = | 3 | ix 

e4| 3 |e ei 2 j|ge| 6 | 2 4 oe 

S“iele.leigi£| 2 |$2/41 82) 3) 2 1KE 

o oi tis 2 e 2 hoe sg i = x 9 x ‘ 

Pee i ee Sia | g g 5 | wm | /8le lay. 

=2\4/8°| 3 oS] & 2 2 2 = x | |X x ” uils 

2; -|¢F °j1,o| 3% ° ) BS 9-5 n oa a 

asain |® a -s n me % Tit ty | & 

SEIFl. |S lialei s/s ina \ x ie 

aes ae ae oe ¥ . Hl o% x ie) [xi 

ae Pt gk 1) 8 BS es ee Fae eee ee ee 

a je |/2/8)| 8] = |s ie ee x i , | z 

in a 3 Q < ~ fe] nN Nn a 7 Q Ru (-4 

6,995 -355 | 4.0 | 6765, 122) .123 | 12,500 | 8,446 | 21.36 | 2,164.41| 2,467.97 303.56, 19.2 ad oll reas 

6,995 3-5 | 4.05) .678 | 122) .125 | 12,500 | 8,475 | 21.38 | 2,166.44 2,475.93 |309.49 19.05 | 21 18 —— 

6,995 |-342|4-1 |.678 | 122) .127 | 12,500 | 8,725 | 21.38 | 2,166.44) 2,481.60 |31'5.16 18.912 | 21.08 aaa 

6,995 |-33 | 4-2 | -6765 122) .134 | 12,500 | 8,446 | 21.36 | 2,164.41, 2,499.32 |334.91 18.619 | 20.90 ae 

6,995.32 | 4-3 |-670 122) .136 | 12,500 | 8,375 | 21.32 | 2,160.36 2,500.41 | 340.05, 18 397 | 20.66 a 
more than 


6,995 -315| 4-4 |-661 122) .142 | 12,500 | 8,326 | 21.30 | 2,158.33 2,515.54 357-21 17.925 | 20 25 ane 

The revolutions for equal tip speeds will vary inversely as 
the diameters ; therefore all but the last propeller of the table 
will turn up too slowly, while the last one will be slightly in 
excess of the desired revolutions. 

To obtain the propeller which will meet all requirements 
D.A. 
from which we can obtain directly the pitch and projected- 
area ratio required with a diameter of 18 feet 3 inches. This 
propeller will not be as efficient at high powers as those 
higher in the table, but its efficiency through the lower 
ranges of power will greatly exceed those of larger area and 
diameter. (See plate 9.) 

Rule 1. Should the propeller obtained from the chart by 
using the P.A. ratio, slip and I.T. per square inch of disc area 
corresponding to the allowed tip speed, taken from the curve 
of tip speeds for critical thrust, have a greater diameter than 
can be fitted, we must use greater I.T.s, the P.A. ratios, pro- 
pulsive coefficients and slips, corresponding to these new I.T.s, 


we lay down curves of pitch-diameter and of diameter, 








~_-_ AA 


AS 
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the tip speeds for these additional screws being the same as 
that used before. 





Rule 2. Should the propeller obtained from the chart have 
a less diameter than that giving the necessary revolutions and 
tip speed, lower I.T.s per square inch of disc corresponding to 
this same tip speed, with the greater values of P.A. ratios, 
and with the corresponding slips and propulsive coefficients 
must be used. 


2. Moderate Power, High Number of Revolutions, Limited 
Fr 
D 
In designing propellers for use with turbines, on account 
of the low pitch used, in order to avoid too low a pitch angle 


70 
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at the tip it is usual to fix upon a limiting lower value of this 
pitch’ ratio. In general practice with Parsons’ turbines this 
limit is usually fixed at .9. When such a limit is fixed, 
equation (1) becomes 


,_.dXzxXD 

P= SxS, 9D: RE oie) a ee ge - ae ee te (Im) 
zd zd 

nae TS. 9) a.m TS.=3X' 


and equation (2), 
p:—4 X 33,000 X1.H.P.Xs  33,000XI.H.P. | 
dXzX144XLT. ~ .9XT.S.X36X1LT. 
11,000 X I.H.P. 1,018.52 I.H.P. 


vr , ae 


10.8 XT.S. XLT. (2m) 


In order to insure the efficiency of the turbine the revolu- 
tions, R, are fixed for the designed power; therefore, con- 
versely, having fixed the number of revolutions of the propeller 
to insure proper efficiency at the desired speed, the diameter 
of the turbines for proper vane speed can be obtained. 

To apply these modified formulas, (14) and (24), proceed as 
in the following problem : 

Block coefficient of fineness=.45 ; 
Speed=28 knots ; 


_10,000 


Shaft horsepower=10,000; .*. I.H.P.= =10,870 ; 


Number of shafts=3 ; 
I.H.P. per propeller= 3,624. 


Required Revolutions per Minute, Diameter and Pitch of 


Propellers. Ratio of Pitch to Diameter to be .9. 


Ratio of Pitch to Diameter to be .9. 

P.A. Ratio=.56, P.C.=58.9, E.H.P.—6,402, Speed=28.02 
“ “ =.57, P.C.=—58.6, E.H.P.=6,370, “ =28.01 
“ “« =.§8, P.C.=—s58.2, E.H.P.=6,326, “« =96.00 
“ “« =.59, P.C.=57.8, E.H.P.=6,283, “ =27.99 
~ “« =.60, P.C.=57.4, E.H.P.=6,238, ‘“ =27.98 
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P.C. LLH.P. Speed.) Slip. '£-33” — ae d. | LT. — 

589 3,624 | 28.02 | .1679 2,839.27 3,412.17 572.90| 8.7 { Sayre if) 
586 3,624 | 28.01 | .1688 2,838.25 3,414.64 576.39 | 9.0 { ene - 
-582 3,624 | 28.00 | .1700 1,837.26 3,418.39 581.13} 9.37 { neyo es pid 
578 3,624 27.99 | .1715 2,836.25) 3,423.36 =| 587.11 | 9.79 { hae ae 
574 3,624 27.98 | .1731 | 2,835.23/ 3,428.75 | 593-52 | 10.2 || rege ah Yl 


Laying down the tip speeds from chart and as derived by 


Sea 
with Da 


we obtain two curves which intersect. 


equation (1,4), 


as abscissas, as shown in Plate 10, 


The propeller de- 


signed with the projected-area ratio at the point of intersec- 


tion will be the required propeller. It is as follows: 


P.A. 

D.A.’ i vi 
TAN, 0.5761 
Tip speed, 1 1,966.0 
Diameter, feet, 5-513 
Pitch, feet, 4.9617 
Slip, 17.3 
Speed, 27.986 
LE.F.. . 3,624.0 
Lz. 10.15 
Revolutions, 690.8 


Very often, particularly with slow, heavy ships with a low 
number of revolutions of the propeller, say below 100 per 


minute, the tip speed is below 5,000 feet. 


In this case, to 


hold down the revolutions of the engine we must, in using 
the chart of design, take higher projected-area ratios than 
that corresponding to the tip speed measured on the curve of 
tip speed for critical thrusts; that is, we must take the I.T.s 
and slips corresponding to the tip speed as measured on the 
curve of tip speeds for each projected area used, thus: 
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Plate 10. 
Low Revolutions, Low Power and Low Tip Speed. 


Block coefficient of fineness of hull=.8 ; 

I.H.P.=4,000 on two propellers==2,000 for each propeller ; 
Maximum diameter allowed=14 feet 9 inches; 
Revolutions of propellers for this power=95 ; 

Tip speed per minute=4,402 feet. 

In the part of the chart here used, as the tip speed increases, 
the efficiency rises until the curve of maximum efficiency is 
crossed, so that we really should, if possible, design our pro- 
peller for the tip speed corresponding to this point of maxi- 
mum efficiency, this higher tip speed being obtained by in- 
crease in diameter and notin revolutions. This is not always 
possible, however, as we are limited in our diameter. 








P.A. 


x. 

D.A. 
a5 |.72 
ay | gt 
29 | .7O 
33 | .68 
36 | .67 





P.A. 
\ 








-727 
-715 
.706 
.689 
.676 
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P.C. LHP. E.H.p. Speed Slip) or.33 pvp | dg | cp OP TS. ILT 


(S). (S). S. 
feet. feet. 
2,000 1,454 13.30 .043 1,347.69 | 1,408.22 60.53 15.85 15.92 | 4,402) 1 
2,000 1,430 13.25 .043 1,342.62 1,402.95 60.33 15.97 15.99 | 4,402 1 
2,000 1,412 13.20 .043  1,337-56 1,397.66 60.10! 16.10 16,06 | 4,402 | 1. 
2,000 1,378 13.13 .043 1,330.46, 1,390.24 59.78 | 16.40 16.27 | 4,402) I 
2,000 1,342 13.11  .043 1,328.44! 1,388.13 59.69 | 16.74 16.58| 4,402 I 


On examination of the column giving D it is found that 
all of the above propellers are greater in diameter than the 
required propeller, and the revolutions for the same power 
will be lower in inverse ratio of the diameters. The I.T. per 
square inch of disc area of the required propeller of 14 feet 
g inches diameter will vary inversely as the diameters. 

The projected area of the required propeller will be suffi- 
cient to give the same indicated thrust per square inch of 
projected area as the chart propeller had from which it is 
deduced. 

The total thrust must equal that of the corresponding chart 
propeller. The slip will vary inversely as the cubes of the 
diameters, as it will vary directly as the thrust per square 
inch of disc area and inversely as the cross-sectional area of 
the column of water in the propeller race. 

The pitch will vary inversely as the revolutions, Diam- 
eter, 14.75 feet. 


feet 


8. sy: 043 X15.85° 
p, 1,48 22 14.823 Slip,= 043 m) P) =.0534 
95 14-75 
3 
>“ . x 43° r F 15-97 
p= 4°99 14.768 Slipp= #597 — 0546 
95 14.75 
: 7 66 oa 0 ye 6.10° 
Ps t 397 ~ a 14.712 Slip; 43 mf -0559 
95 14.75 
. 043 X 16.40" 
== 520-4 14.634 Slip =“*S = = 0591 
95 14.75 
388. ay; :043 X 16.74" 
Fi 13 3. -14.612 Slip,= 043 a “4 =.0629 


3 
99 14.75 





Proj. 


49.33 
54.11 
59.07 
69.74 
79 24 








Speed, =S,= 
S: 


S 
73 = 


S,= 


PA. 


E os 
'D.A. 


P. A. 
D.A. 


P. A., 
D.A. 


P.A. 
D.A.’ 


P.A. 


D.A2° 
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__ 1,408.22 X(1 


101.33 


1,402.95 (1 
IOI. 33 


_1,397-66 X (1- 


101.33 


1,390.24 X (I 


101.33 


1,388.13 X(1 
101.33 


25 


.29 


33 


.36 X 





-0534)_ 


=13.16; 
OP) is s.00: 
0559) 13.02; 
0591)_ 12.91 ; 
-0629) 12.84. 


As the I.T.s per square foot of projected areas of the deduced 
propellers must equal that of their corresponding chart pro- 
pellers, and as the total I.T.s of the deduced and of the chart 
propellers are equal, the projected areas must be equal, and 
the projected area ratio of the new screw will be to that of 
the chart one, inversely as the squares of the diameters. 


15.85 289 
14.75 
15.97 _ 
¥ ‘oo 
14.7 
16.1 P 
seagl -340 
14-75 
16.4 ° 
# .408 
14.757 
16.74" 
ap -464 
14-75 


These points of pitch, slip and projected-area ratio of the 
14.75-foot-diameter propellers, and the resultant speed of ves- 
sels can now be plotted as curves on Plate 11, and from these 
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curves that propeller picked out which, in our opinion, will 
give the best general satisfaction. In arriving at this opinion, 
we must take into consideration the difference between the 
loading of the vessel in service and that on trial, and should 
deliberately sacrifice some efficiency on trial to gain in effi- 
ciency with the heavier load. 





Plate 11. 


This last method of computing a propeller should also be 
used for launch propellers where, though the revolutions are 
comparatively high, the diameters of the propellers are small 
and the tip speeds low. 
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Analysis of a propeller submitted for a certain duty. 


Toanalyze the expected performance of a propeller we have 
given us the pitch, diameter, projected area and designed revo- 
lutions for the designed power. In addition, we have at our 
disposal the model-tank curves of E.H.P. for the vessel to 
which the propeller is to be applied. 

Let us assume the following characteristics : 


Block coefficient of fineness of vessel = .60 ; 

Diameter of propeller = 18 feet 3 inches ; 

Pitch of propeller = 1g feet 9 inches ; 

fs * 

D.A. 

Designed revolutions at designed power = 125; 

Total designed power = 25,000 I.H.P.; 

Power applied to one propeller = 12,500 ; 

Tip speed of propeller = 125 * = x 18.25 = 7,167 feet per 
minute. 


of propeller = .328 ; 


Taking data from the chart and the corresponding speeds 
from the model-tank curves, we have— 


PA... ~ | Slip > le » Speed 101.33 X| , . > 
D.A PC has fake I.H.P. i|E.H.E (S). (s). P. <2. d. D. 2 
feet. feet. 
.32 .661 4.55 .141 | 12,500 | 8,263 | 21.27 | 2,151.99 | 2,505.23 353-24 17.888 19.644 
.33 -665) 4.45 .137 | 12,500 8,313 21.30 | 2,155.03 | 2,497.14 | 342.11 | 18.117 19.83 
34 .669 4.35  -133 | 12,500 | 8,363 | 21.33 2,158.07 | 2,489.12 | 331.05 | 18.354 20.025 
35 73, 4.25 «129 | 12,500 8,413 | 21.36 2,161.11 | 2,481.18 320.07 18.578 20.206 
37 .674 4.10 | .123 12,500 8,517 21.40 2,168.46 2,472.60 | 304.14 | 18.967 20.558 


On Plate 12 are plotted curves of pitches—diameters, pro- 
jected-area ratios—diameters, projected areas—diameters, and 
slips-diameters. 

From these curves we see that a propeller to make 125 
revolutions with 12,500 I.H.P., under the conditions of the 
problem will have the following dimensions : 

Diameter, 18.25 feet; pitch, 19.94 feet; P.A. ratio, .3355; 
P.A., 87.7 square feet. 
























Proj. 
area, 


$0.42 
85.07 
89.95 
94.88 
104.55 








ea. 


1.42 
5-07 
9-95 


4.55 
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From the same curves, with a pitch of 19.75 feet, the 
diameter will be 18.02 feet; P.A. ratio, .3256; P.A., 83 
square feet ; the revolutions, 126.45. While with a projected 
area equal to that of the propeller submitted, namely, 85.8 
square feet, from the same curves, the pitch will be 19.86 
feet; P.A. ratio, .3315; diameter, 18.155 feet; revolutions, 
125.7. 





Plate 12. 


The propeller submitted, having less pitch and less surface 
than the 18.25-foot-diameter propeller, from Plate 12, will 
turn up slightly higher. Having less pitch and slightly 
greater diameter than the 18.155-foot-diameter propeller on 
Plate 12, these differences may nearly offset each other, and 
we would expect about the same number of revolutions as 
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with this latter screw, particularly as the propeller under dis- 
cussion has more diameter and surface than the 18.02-foot- 
diameter propeller having the same pitch. 
































Plate 13. 


Finally, having the same pitch, but greater diameter and 
surface than the 18.02-foot propeller from Plate 12, the revo- 
lutions will be slightly lower than those of this latter pro- 
peller, and the percentage slip will be slightly decreased, the 
decrease in slip possibly offsetting the decrease in revolutions, 
so that we should expect this propeller to give us approxi- 
mately the same results as those given by the smaller chart 
screw of 18.02 feet in diameter. 


BLADE SECTION AND CONDITION OF BLADE SURFACE ON 
WHICH THE FOREGOING WORK HAS BEEN BASED. 


Blade Sections.—On Plate 13 are shown the forms of blade 


sections of the propellers from which the chart of design has 
been obtained. Any radical departure from this form of sec- 
tion will cause a propeller to differ in the tip speed obtained 
for any value of I.T. per square inch of disc area from the tip 
speeds for those thrusts as given on the chart. 
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The amount of difference in these tip speeds will depend 
upon the degree of variance from the standard forms of the 
form of section and the form of the projected area thus: 

Blades having the metal of the thickness, distributed more 
or less evenly on each side of the nominal pitch surface will 
have much higher tip speeds than those of the standard blades. 
Blades having blunt entrances and leading edges will turn up 
slower. 

Blades broader at the tip than the standard form will turn 
slower and those narrower at the tip than the standard will 
turn faster than the tip speeds given by Plate 8. 

In only one case is it advantageous to depart from the 
standard section, and that is when through existing conditions 
it becomes necessary, in order to insure sufficient blade 
strength, to make the blade near the root very thick as com- 
pared with its width. In such a case the leading edge of the 
screw should be thrown slightly back from the nominal pitch 
surface in order to fine the entrance. This throw-back, how- 
ever, should gradually melt away as we move out towards the 
tip, and when about one-half the radius out should have 
entirely disappeared, so that from this point out the nominal 
true-pitch surface will extend the full width of the blade. 

Condition of Blade Surface.—In all the cases used in the 
construction of the chart of design the blades were machined 
to designed pitch and were set at that pitch. The surfaces, 
both driving face and back, were highly polished. These 
points have high value at all speeds of rotation, but are es- 
pecially valuable at very high speeds. Any blade roughness, 
or considerable variation in pitch setting of the blades from 
the designed pitch may seriously affect the performance of 
the propeller, while the blade roughness will surely slow it 
down to lower tip speeds than given by the chart. 


APPLICATION OF THE CHART OF DESIGN. 


The chart may be used in designing screws for vessels fitted 
with any number of shafts, and confidence be felt in the re- 
sultant screws, provided the shafts are widely enough sepa- 
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rated to insure against any propeller working in the wake of 
one forward of it, and provided that in the case of vessels 
having a shaft in the middle line the dead wood be cut away 
sufficiently to insure that the middle screw works in nearly 
as good water as the wing screws. 

If this is not done the resultant propulsive coefficient will 
be considerably, say roughly from 5 to ro per cent., lower than 
that given by the chart, as the conditions under which a 
propeller working in the wake of and close to the stern post 
are not covered by the chart. 

For such propellers the wake in which they work is much 
heavier than that to which the wing screws are subjected, 
and this heavier wake would necessitate larger diameter, 
more surface and lower pitch for the middle screw than for 
its companions. To compute the propellers accurately the 
wing screws should be obtained from the existing chart, 
while for the center screw a separate chart should be used 
prepared from the performances of propellers on single-screw 
ships. The writer, unfortunately, has not at hand sufficient 
reliable data to prepare such a chart, and must therefore use 
the existing chart, allowing for an expected falling off in 
efficiency where the adverse conditions for the middle screw 
exist. 
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THE CRUISE OF THE SUBMARINE TORPEDO BOAT 
SALMON FROM QUINCY, MASS., TO HAM- 
ILTON, BERMUDA, AND RETURN, 

JULY 5-17, 1910. 


By LIEUTENANT D. A. WEAVER, U. S. N., MEMBER, Com- 


MANDING OFFICER U. S. S. “ SALMON.” 


At 2:00 P. M., July 5, 1910, the submarine torpedo boat 
Salmon sailed from Quincy, Mass., for a cruise to Hamilton, 
Bermuda, and return. This cruise was made before delivery 
of the vessel to the Government, under the direction of the 
contractors, the Electric Boat Co., but with the authority of 
the Secretary of the Navy. 

The cruise is of interest because it is the first attempt by any 
submarine of the type built by the Electric Boat Company for 
the U. S. Government to make an extended deep-sea cruise 
under its own power. 

The Salmon is of the Holland type, ‘“ modified spindle 
form,” as opposed to the “ship-shape” forms of the Lake, 
Laurenti, Laubeuf, and Krupp types. All submarines in com- 
mission in the U. S. Navy are of the Holland modified spindle 
form type. 

Without entering into a discussion of the relative merits of 
the various types of submarines it may be stated that the de- 
signers of the Salmon type claim (1) superior submerged 
speed for a given horsepower, and (2) superior structural 
strength for deep submergence. 

The advocates of the “ship-shape” form claim that the 
superior submerged speed and structural strength of the 
‘spindle form” are obtained at the expense of habitability 
and sea-going qualities. Keeping this statement in mind, the 
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reader may understand the request of the Electric Boat Com- 
pany to make a deep-sea cruise (builder’s trial) with the Sal- 
mon to obtain information as to habitability for long cruises 
at sea and the cruising capabilities of the Salmon. 

The following are the approximate principal dimensions of 
the Salmon: 


Length of spindle, feet and inches............... 128—04 
Length over all, feet and inches................. 134-10 
breadth, molded, feet and inches................ 13-09 
Breadth, extreme, feet and inches............... 13-102 
Total displacement submerged, tons............. 337 


Depth under side of duct keel to top of superstruc- 
a: Se DO MER: o.0nd sos Kr aecesesbevares 15-022 


The vessel is equipped with two 6-cylinder, 4-cycle, 300- 
H.P., gasoline engines, 12-inch diameter, and 12-inch stroke, 
with jump-spark ignition from storage batteries. 

The crew of the Salmon for this voyage was composed of 
thirteen men from the shops of the builders. In addition there 
were on board Captain A. Cuevas, Chilean Navy, Mr. G. C 
Davison, Vice-President of the Electric Boat Company, and 
until recently a Lieutenant Commander, U. S. Navy, Lieu- 
tenant D. A. Weaver, U.S. Navy, Assistant Naval Constructor 
D. R. Battles, U. S. Navy, and four enlisted men of the Navy, 
a total of twenty-one men on board for the cruise. Mr. G. C. 
Davison acted as navigator. The Salmon is fitted with four- 
teen berths, only six of which were used on the cruise, the 
others having been removed to make room for a table and 
stowage of spare parts and provisions. The men not assigned 


to berths slept on air mattresses on the battery decks. 


DATA AT BEGINNING OF CRUISE. 


Gasoline in fuel tanks, gallons.................... 6,000 
Lubricating oil on board, gallons................-. 385 


Fresh water on board; gallons... 6. 6s cc ces fecetee 1,085 
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Rations 21 men—7 days, pounds.................-. 1,000 
Draught, forward, feet and inches................. 12-3 
to ae a ee rere ~--- 12-3 
Weer Sl - nn SEIN d Saas 26s cin oe eee eee . None 


There being no torpedoes on board, the four torpedo tubes 
were filled with fresh water. The total capacity of the fresh- 
water tanks on the Salmon is one hundred and eighty-five gal- 
lons, a quantity sufficient for drinking and cooking, but in- 
sufficient for washing purposes. Sixty-one five-gallon tins of 
lubricating oil were carried in the bilges, as the total capacity 
of the oil tanks is only eighty gallons. An ice chest 79 inches 
by 194 inches by 42 inches was built in the space where the 
torpedoes are handled. The ice chest served also as a table, 
and was of great utility. 

The run from Quincy to Provincetown was made on July 
5th, under the port engine, the starboard engine having been 
disabled by a gasket blowing out under No. 3 cylinder head 
when starting. Arrived at Provincetown at 8:00 P. M., after 
swinging ship in Cape Cod Bay. The Salmon is equipped 
with four compasses: one 7-inch compensating compass in the 
after end of the cut-water (only visible from inside the boat), 
one 4-inch compensating compass in the conning tower, one 
4-inch non-compensating movable compass for steering, that 
is clamped on brackets to the after periscope housing, and one 
4-inch non-compensating compass fitted in the top of the for- 
ward periscope and can be seen only through the periscope, 
the rim of the compass marked in degrees 0 to 360, showing 
around the edge of the field of vision. 

The insurance companies demanded that a convoy be taken 
on the cruise and the sea-going tug Underwriter, of the Bos- 
ton Tow Boat Company, arrived at Provincetown at 10:30 
P. M., July 5th. The Underwriter was instructed to follow 
the Salmon, the purpose being to have the Salmon rely on her 
own resources as to navigation. 
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SUMMARY OF DECK LOG. 


July 6th.—At Provincetown, Mass. Got underway at 9:00 
A. M.; speed, cnots, revolutions both engines, ¢ se 
\. M.; speed, 10 knots, 400 lutions both engines, and set 
a course for Hamilton, Bermuda. 


Position at noon: 


Rag at, POPES Cea Ca wae PCN PC, IL 41° 59’ N. 
EST TN PS ae eeeeeny wenenr eel Ceak eae 69° 59’ W. 
Distance made good since leaving Quincy....... 85 miles. 
I I hd ania a pe ew el heed ak nano 380 gallons. 
Weather since leaving Quincy................ Fair. 

NI Sieh teiciva ah gts hiceh tela Ud esaie ahi oo Od lores ean alae ots Smooth. 


On course S$. 15° E. (Mag. ). 

Slowed down from 9:40 P. M., to 11:10 P. M., on account 
of thick fog. 

July 7th—On course S. 15° E. (Mag.). Fresh breezes 
from S.W. and sea becoming rough. At 2:00 A. M., stopped 
port engine due to gasket blowing out under No. 2 cylinder 
head. 


Noon position: 


det eke wena s bt dala aap maleed meet 39° 15’ N. 
ae al org os a dic & pip ac ec ace 68° 16’ W. 
Distance made good preceding 24 hours...... 183 miles. 
Gasoline used during preceding 24 hours...... 1,100 gallons. 


Moderate sea on starboard bow during greater part of day. 
Angle of pitch about 5°, angle of roll 10° to 15°. Majority of 
the crew were sea-sick, and for this reason no attempt was 
made to replace the gasket on No. 2 cylinder, port engine. 

July 8th—On course S. 15° E. (Mag.), starboard engine; 
moderate sea; fresh breezes from S.\W. At 9:00 A. M., 
changed course to S. 6° E. (Mag.), to allow for wind and 


current. 
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Position at noon: 


RAIS § 6 ois ks hb Bh es Wicen eed hee 
FINE or eee ES ee oy ae eae e 66° 26’ W. 
Distance made good preceding 24 hours........ 180 miles. 
Gasoline used during preceding 24 hours....... 748 gallons. 


About 1:30 P. M., two heavy seas struck the bridge, carry- 
ing away the bridge screens and shipping about half a ton of 
water down the conning-tower hatch. 

Abandoned bridge and closed conning-tower hatch, steering 
from inside the conning tower. Resumed station on bridge at 
midnight. 

July 9th.—On course S. 6° E. (Mag.), under starboard en- 
gine; moderate breezes from S.5.W.; moderate sea; weather 
warm. 


Noon position : 


Alle «4 46.0 0Gexd vane 4s ea eee menniadet 34° 08’ N. 
RA bid bd ed nite ¢ Rane bee ae G5° 34’ W. 
Distance made good preceding 24 hours........ 170 miles. 

Gasoline used during preceding 24 hours........ 748 gallons, 


At noon changed course to S. 18° E. (Mag.). 

July 10th—On course S. 18° E. (Mag.), starboard en- 
gine; weather moderating. At 1:00 A. M., sighted Gibbs 
Hill Light, and at 5:30 A. M., when off Saint Davids Head, 
took on Pilot. Moored along side Underwriter at city docks, 
Hamilton, Bermuda, at 8:30 A. M. 


Distance made good preceding 24 hours....... 150 miles. 
Gasoline used during preceding 24 hours...... 640 gallons. 
Total distance from Quincy, Mass........... 760 miles. 
Total gasoline used from Quincy, Mass....... 3,616 gallons. 
Total lubricating oil, from Quincy, Mass...... 95 gallons. 


July 18th.—Sailed from Hamilton at 9:45 A. M. At 11:50 
A. M., changed course to N. 9° W. (Mag.); moderate sea; 
weather pleasant. 
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Distance made good preceding 24 hours........ 25 miles. 
Gasoline used during preceding 24 hours........ 170 gallons. 


July 14th—On course N. 9° W. (Mag.); fresh breezes 
from the W.S.W.; sea becoming rough. 


Noon position: 


DENG CC Seyckunei ove uaasecds veeneks 35° 54’ N. 
Ee Pee) See PP er CP ee See ee ees 66° 20’ W. 
Distance made good preceding 24 hours......218 miles. 
Gasoline used during preceding 24 hours......1,104 gallons. 


July 15th—On course N. 9° W. (Mag.); weather mod- 
erating. 


Noon position : 


PE itendPanbiwe ne cdcherbs teesevacadt 39° 07’ N. 
RD ol cach k en bes h ieee ekes cond 68° 20’ W. 
Distance made good preceding 24 hours...... 212 miles. 
Gasoline used during preceding 24 hours...... 7,185 gallons. 


At 2:30 P. M., changed course to N. 22° W. (Mag.). At 
5:00 P. M., thick fog shut in, and at 6:45 took tow line from 
the tug Underwriter, as the fog signal of the Salmon (whistle 
blown by compressed air) is not loud and it was difficult to 
keep in company with the tug. At 11:00 P. M., picked up 
Nantucket Light Ship. 

July 16th—On course N. 49° E. (Mag.); thick fog; sea 
smooth. At 12:28 A. M., fog lifted and tow line was cast off. 
Started ahead on both engines; speed, 10$ knots. Soon after 
starting fog shut in, and at 2:00 A. M. again took tow line 
from tug. 


Noon position: 
RANE ch bed ho NOES a bie 64 54 ee ERR) oD eRe 41° 55’ N 
EE Te Pe ee Cre eee Heme 69° 38’ W. 
Distance made good preceding 24 hours......... 200 miles. 
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At 1:00 P. M. the fog lifted, and when an attempt was made 
to start the engines it was found that all of the gasoline, about 
3,000 gallons, had been blown overboard due to the deceptive 
reading of a gauge. All of the fuel tanks are not fitted 
with independent gauges. At 3:46 P. M., cast off the line 
from the Underwriter and proceeded into Provincetown under 
electric motors for gasoline, the Underwriter proceeding to 
Boston. Took on 640 gallons of gasoline. 

July 17th.—Got underway at 7:00 A. M., and proceeded to 
Quincy; speed, about 114 knots. Arrived at Quincy at 11:00 
A. M. 


Total distance Of CME. <4. cinvcadtaguaei. 1,514 miles. 
Total gasoline (estimated) ................. 7,256 gallons. 


SUMMARY OF ENGINE-ROOM LOG. 


July 5th—lIn getting underway the gasket in No. 3 star- 
board cylinder was blown. Replaced gasket at Provincetown, 
Mass. Average revolutions port engine, 465. (Full speed, 
515 revolutions. ) 

July 6th.—Got underway at 9:00 A. M., 400 revolutions 
both engines. At 3:10 P. M., stopped port engine on account 
of fuel strainers being clogged with a shellac composition from 
the paint in the fuel tanks. The fuel tanks were painted with 
a mixture of shellac and Portland cement in alcohol, Port- 
land cement being added to the shellac until it can just be 
worked with a brush. Started port engine at 3:20 P. M. At 
6:58 P. M., No. 3 induction-valve arm on port engine stuck 
on rocker shaft. Stopped port engine. At the same time re- 
placed broken spool on No. 1 upper exhaust rocker arm. 
Started port engine at 7:18 P. M. Average revolutions, star- 
board, 400. 

July 7th—At 2:00 A. M., found water in No. 2 port cylin- 
der. Stopped engine and renewed gasket. Started port en- 
gine at 7:30 P. M., and after about a half hour’s attempt to 
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make the engine run, water was found in cylinders and crank 
pits from a leak in the gasket from No. 5 cylinder. 

Most of the crew were too sea-sick to work on cylinder 
heads and the motion of the boat made the renewing of the 
gaskets difficult. Average revolutions, starboard, 400. 

July 8th—Had trouble with salt water in the fuel during 
the morning watch, due to water backing into fuel tanks 
through outboard vent. Shifted to inboard vent and to the 
short suction in fuel tank. 

On account of heavy seas, closed conning-tower hatch at 
1:30 P. M. Took air for engines through ventilators. Ven- 
tilation of boat was good. 

July 9th—Renewed gasket on No. 5 cylinder head, port 
engine. Average revolutions, starboard, 400. 

July 10th.—Arrived Hamilton at 8:30 A. M. Full charged 
storage battery with starboard engine. Battery in good con- 
dition. 

July 11th.—Took off cylinder heads of Nos. 3, 4, 5 and 6 
starboard engine, and Nos. 3, 4 and 6 port engine, and re- 
newed gaskets. A carbon deposit was found on the cylinder 
heads 1/32 to 1/16 inch thick. Replaced two leaky nipples on 
water-jacket vent line. 

July 12th.—Finished work on cylinder heads. Examined 
main bearing caps. Took on gasoline, water, ice and fresh 
provisions. 

July 13th.—Sailed for Boston at 9:45 A. M. While start- 
ing the port engine the threads in link connecting No. 4 port 
lower exhaust valve stem to dash-pot stem stripped and put 
No. 4 cylinder out of commission. Ran port engine on five 
cylinders and drilled a hole through yoke and stem for a pin, 
but the pin soon sheared off. No. 1 port upper exhaust valve 
did not close properly and a spring was suspended above it at- 
tached to the valve stem. 

July 14th.—The lower exhaust valve on port No. 5 cylinder 
failed to function. It was discovered later that a piece was 
broken out of the valve. 
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The steering motor short-circuiting switch burned out due 
to defective push button in portable. Used hand-steering gear. 
Average revolutions, both engines, 400. 

July 15th.—Had trouble with the ignition system port en- 
gine, finally located in the distributor. Put in new sprocket. On 
tow line. Charged air with starboard compressor, 103 cubic 
feet from 1,000 pounds to 2,000 pounds. Time, about 34 hours. 

July 16th.—Tried to start the engines at 6:00 A. M., but 
found water in the fuel; the starboard engine ran nearly an 
hour when all of the gasoline gave out. Went into Province- 
town under electric motors. ‘Took on gasoline. 

July 17th—Got under way at 7:00 A. M., and arrived at 
Quincey at 11:00 A. M. Average revolutions, starboard en- 
gine, 490; port, 400. 


COM MENTS. 


From the public point of view this cruise was very satis- 
factory in demonstrating the ability of a vessel of this class 
to make an extended cruise in rough weather. 

From the viewpoint of a submarine officer the cruise merely 
emphasizes a few facts that had been previously experienced 
in other submarines of similar type. 

The Salmon in cruising rig has a positive buoyancy of 49 
tons, and when heavy seas were encountered on July 8th, the 
conning-tower hatch was closed, and so far as water tightness 
is concerned the boat was sealed up with the exception of two 
telescoping ventilators, 6 inches in diameter, that furnished air 
to the engines. In case of danger from large quantities of 
water coming down, a valve is fitted in the base of each ven- 
tilator which closes automatically by the inrush of water. 
These valves are also operated by levers in case they fail to 
work automatically. 

The vessel is steered from inside the conning tower, a look- 
out being kept through observation ports, and also through 
the forward periscope. 

The conning tower is not large enough for two men to oc- 
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cupy it at the same time, as was shown on July 8th. The ob- 
jections to a larger conning tower are that it lessens the sub- 
merged speed and that it is more difficult to give the required 
structural strength for deep submergence, both of which are 
essential features in a submarine. These difficulties should, 
however, be overcome in order to increase the military effi- 
ciency of vessels of this type. 

The capacities of the lubricating-oil tanks and the fresh- 
water tanks are not commensurate with the supply of gasoline 
fuel, and permanent provision should be made for a greater 
supply of both, in order to increase the radius of action. 

A submarine of 288 tons displacement, with 49 tons pos- 
itive buoyancy, in light condition, is habitable and safe in 
rough weather, but very uncomfortable. In a gale a sub- 
marine is undoubtedly safer than any other type of vessel, due 
to the greater structural strength and the ability to seal the 
boat at will. 

The engine troubles experienced by the builders on this 
cruise of the Salmon are similar to those that have been en- 
countered in other vessels of similar type previously com- 
missioned. It is hoped that much needed improvement in 
some of the details will follow from this experience of the 
builders. 
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TESTS OF AN EVAPORATOR. 


3y Lieut. S. M. Rosinson, U. S. N., MEMBER. 


1. The following tests of an evaporator were made at the 
Naval Academy in May, 1910, to determine the cost of evap- 
oration and the advantages of operating under different cir- 
cumstances. 

2. The evaporator is of the Navy standard, small size, oval- 
section type, rated at 1,000 gallons per 24 hours. 

The arrangement of piping, valves, pumps, distiller and 
heater is shown in the accompanying cut. It is possible to 
supply the evaporator with sea water, (1) from the sea suc- 
tion, (2) from the discharge of the distiller circulating water 
direct to the evaporator, and (3) from the discharge of dis- 
tiller circulating water to the evaporator through the heater 
placed in the vapor line between the evaporator and the dis- 
tiller. The fresh-water tank is airtight, and is fitted with a 
safety valve, a relief valve, a vacuum gauge, and a 2-inch pipe 
to the auxiliary condenser; there is a valve in this pipe. 

The vapor from the evaporator can be taken direct to the 
distiller or through a small heater to the distiller. 

All pumps are of Davidson type, and exhaust into the auxil- 
iary exhaust line to auxiliary condenser. 

The auxiliary condenser is fitted with a Davidson horizontal 
combined air and circulating pump. 

The condensed steam from the coils was drawn off through 
a small Paul or D. G. C. valve, which probably allowed a small 
amount of live steam to pass. 

38. Pressure gauges were fitted to the steam line and coils 
and on the shell. Thermometer wells and thermometers were 
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fitted in the pipe to the coil, in the sea suction, in the distiller 
discharge, and in the feed line near the evaporator. Ther- 
mometers were used in the barrels for measuring the distilled 
water and the drain from coils. All scales, pressure gauges 
and thermometers were tested. 

4. The circulating water from the distiller was discharged 
through a 2-inch pipe, through a Worthington meter and a 
weir with hook gauge. The pressure necessary to force the 
circulating water through this pipe was sufficient to force the 
water into the evaporator so the seftvices of the small feed 
pump could be dispensed with except when feeding from the 
sea suction. On account of this discharge pipe being so small, 
the circulating pumps used a large amount of steam. 

The drain from coils was discharged into barrels contain- 
ing cold water, and thus the weight of steam used and the tem- 
perature at which it was drained off were obtained. 

The distilled water was drawn off in a barrel, weighed, and 
the temperature taken. 

The steam used by the pumps was obtained by weighing the 
water discharged from the auxiliary condenser, with only the 
pump in use exhausting into the condenser. 

4. On account of the small size of the vapor pipe from the 
evaporator, it was impossible to carry a low shell pressure 
without at the same time carrying a low coil pressure. When 
a vacuum was used on the fresh-water tank it was necessary 
to reduce the shell pressure to prevent priming. This small 
vapor pipe prevented running the evaporator, at any time, up 
to full capacity, but the tests indicate the saving that can be 
made by heating the feed water and by using a vacuum on the 
fresh-water tank. Although none of the tests were run at full 
capacity, all were run at more than rated capacity. 

Many preparatory tests were run in order to put all gear 
in good working condition and to obtain uniform conditions 
of running. Several of the tests were duplicated in order to 
insure accuracy of the data. 

In all tests the start was made with the water level at a mark 
and everything settled down to working conditions. Data 
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was taken every half hour and the water level, and conditions 
at the finish were the same as at the start. 

5. Test No. 1 was run with the feed water taken direct 
from the sea suction, and the vapor discharged direct to the 
distiller. 

Test No. 2 was run with the feed water taken from the dis- 
charge of the distiller circulating water and the vapor dis- 
charged direct to the distiller. This test shows a decrease of 
0.9 of 1 per cent, in the cost of steam for evaporation as well 
as a slight increase in the capacity of the plant. 

Test No. 3 was run with the feed water taken from the dis- 
charge of the distiller circulating water and delivered through 
the heater to the evaporator, and the vapor discharged through 
the heater to the distiller. This test shows the great decrease 
of 15 per cent. in the cost of evaporation. This is quite prac- 
ticable aboard ship and would greatly increase the economy, as 
the feed water can be heated almost to the temperature of the 
water in the shell of the evaporator. The feed-water heater 
can be made very small, and the heater, with the necessary 
piping and fittings, will add little to the weight and complexity 
of the plant. 

Test No. 4 was run under the same conditions as Test No. 
3, with the addition of a vacuum of 44 inches on the fresh- 
water tank. This test shows a decrease of 16.2 per cent. in 
the cost of evaporation, and a considerable increase in the 
capacity. It is doubtful whether the use of a vacuum would 
be of value on board ship at sea on account of the great care 
necessary to prevent priming and on account of the fact that 
the auxiliary exhaust usually carries a back pressure. 

It might be used in port, where a feed-water heater is not 
in use. 

Although the steam consumption of the pumps was meas- 
ured, this is not considered important, as the amount of steam 
used would vary greatly, depending on the installation. This 
percentage of gain as given is based on the amount of steam 
used in the coils, and if the consumption of the pumps were 
also considered the increase would be greater. 
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I1o2 TESTS OF AN EVAPORATOR. 
I Oe I iis con rari accsec cccsecresccenscesers I 2 3 
Date of test, May, 1910...cccccccescccccssovecooses 5 6 9g 
I nas cen eneba- caebs ais 4 } 3 
Pressure, in pounds per square inch : 
NE FD ii cca thn exhibit bgertatanhsacesbooss 28 28 28 
PG vista snseinasadecnsinundvarcosnees 43 43 43 
NG MI cians ccdicnetnscaaeiiairenuasscons 15 15 15 
SE idntnatitabdn sinttaresdnadiuccion 30 30 30 
Steam for pumps: Gauge...........20-sse000 III III II 
PIN iin seriecanhiness 126 126 126 
Tank for dist. water: Vacuum, in ins... oO o oO 
Absolute.............. 15 15 15 
Temperatures, in degrees Fahrenheit : 
AE 5 Sud nts vaddok Pode aedncknctuseseccnsedsoee, 271 271 271 
BRRROOT ED secon csinnicnssccane cocceeaves 2028 271 271 271 
TY Ba pacetitran-cccsiccencecspees wseeeus anal 62 82 221 
NN iis st sab caskidacitanndoe sane 250 250 251 
Circulating water to distiller: Inlet ......... 62 62 62 
Discharge.. 82 $2 77 
Cir’ing water to feed heater: Inlet.. ....... 77 
Discharge.. oe ae 221 
Steam for pumps: Inlet..............0.-eeeees 345 345 345 
Dis’ ge to feed tanks.... 108 108 108 


Water, in pounds : 


RE SRALS SORT PR ES See ee a ne 128 124 114 
Circulating, discharged overboard........... 88,485 90,246 88,613 
RR APES IT es Re aR Sie ee ee ee 88,485 92,015 90,136 
Feed water used or water distilled.......... 1,726 1,769 1,523 
SUNIIN SIOU GO BOID cok ccaicncesss-ccuwessseecics 2,249 2,283 1,681 
Steam used for pumps ...............-csceseoree 398 308 322 


Water evaporated and distilled per 24 hrs., 
MUNN clase talddecnssnsraliudurtees téesiudenpbectcd 


B.1.U. 
FORE CIE iiss coc oven cnteicecsenioss, I 
Steam used in the coil............... 2,620,085 
discharged from coil........ 537,511 
PE TRIER occa spite -oscce:s4-0e-qeone 51,780 
Saved by taking feed water 
from distiller circu’ng water. o 
Saved by putting feed from 
distiller through heater.......,  .. ...... 
Dhstied WEt!S,.00.0<ccscseveessossosees 165,696 
Circulating water discharged 
OVESDORIG 60.2.0... 00rccscrsosonececs 1,769,700 


Steam supplied to the -.- 472,426 
Pump steam to feed tank from 
CRINGE visiica dickies snide sieeas 30,248 
Steam used by the pump....... 442,178 
Steam at 43 pounds absolute : 
To evaporate 1 pound of sea = Pounds 


water as feed to evaporator.. 1.303 
absolute, to run the pumps..... .220 
to evaporate and distil 1 

pound of water...............+. 1.523 


1,283 1,264 1,450 


B.T.U. B.T.U. 
2 


3 
2,659,100 | 1,958,365 


545,637 401,759 
88,450 287,847 


35,390 | covceeeee 


ciaetlved 242,157 
162,748 124,886 


1,804,910 1,329,195 


365,596 382,214 


23,408 24,472 
342,188 357,742 


Pounds, Pounds 
1.291 1.104 
.166 .202 
1.457 1.306 





23 
38 
Io 
25 
Ill 
126 


B.T.U. 
4 
1,663,394 


331,992 
232,646 


193,436 
117,630 


1,188,300 
274,197 


7,556 
256,641 


Pounds. 
1.092 
.169 


1.261 
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FRIALS AND PERFORMANCES OF S. S. O7AK/. 


NOTES ON THE TRIALS AND PERFORMANCES OF 
THE S. S. OTAKI, FITTED WITH A COM- 
BINATION OF RECIPROCATING 
AND TURBINE MACHINERY. 


By I.NGINEER-COMMANDER W. Mck. Wisnom, R.N. 


Read gth August, 1909, before the North-East Coast Institution of 
Engineers and Shipbuilders. 


In 1894 the Hon. C. A. Parsons took out a patent for the 
“ combination” of a reciprocating engine with a steam turbine, 
the object of which was—* To increase the power obtainable 
by the expansion of the steam beyond the limits possible with 
reciprocating engines.” 

A paper on the subject by the Hon. C. A. Parsons and Mr. 
R. J. Walker was read at the Spring Meeting of the Institu- 
tion of Naval Architects, in 1908, and the present remarks 
may be regarded as supplementing the reference then made to 
the Otaki. 

The Otaki is the first merchant vessel fitted with this “ com- 
bination system” of machinery. ‘The vessel was built for the 
New Zealand Shipping Company by Messrs. Denny, of Dum- 
barton, and was delivered in November, 1908. She has since 
completed a voyage to New Zealand and back. She is vir- 
tually a sister ship to the twin-screw vessels Orart and Opawa, 
fitted with reciprocating engines, which were built by Messrs. 
Denny for the same company, and delivered in 1906. The 
only important differences in the vessels are: 

(1) The length of the Otaki was increased 4 feet 6 inches 
to make up for the loss in cargo capacity due to three shaft 
tunnels instead of two. 
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(2) The design of stern and stern post was modified in 
the Otaki as necessary for three propellers instead of two. 

The boiler installations in the three vessels are identical, 
and consist of five single-ended cylindrical boilers, fitted with 
Howden’s forced-draft system. Each boiler has three fur- 
naces. The total grate area is 305 square feet, and the total 
heating surface 13,500 square feet. The working pressure is 
200 pounds per square inch. , 

The vessels being so nearly alike and the boilers similar, 
fairly accurate comparisons of the performances of the two 
types of machinery can be made. 

The principal dimensions of the Otaki are: 


Length between perpendiculars, 464 feet 6 inches. 
Breadth, moulded, . . . . 60 feet. 
Depth, moulded, . . . . 34 feet. 


The deadweight capability is about 9,900 tons on a draught 
of 27 feet 6 inches. 

The engines of the Otaki consist of two sets of ordinary 
triple-expansion reciprocating engines, driving wing propellers, 
and a low-pressure turbine driving a center propeller. The 
arrangement is shown in Figs. 1, 2 and 3. 

In ordinary ahead working the reciprocating engines exhaust 
into the turbine, which can only revolve in one direction, but 
change valves are fitted, so that the reciprocating engines can 
also exhaust direct to the condenser. ‘These change valves are 
operated by gear from the reversing shafts; the act of reversing 
the reciprocating engines closes the connections between them 
and the turbine, and opens direct communication from the re- 
ciprocating engines to the condensers. The turbine is thus 
automatically thrown out of action when going astern. The 
operating gear for the change valves is also arranged so that 
the turbine can be cut out at any time without stopping, and 
the ship can then be maneuvered as an ordinary twin-screw 
vessel. The arrangement also permits the turbine to be used 
in combination with one reciprocating engine only for ahead 
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working. The arrangement of change valves and gear is 
shown in Figs. 4 and 5. 

Two condensers are fitted, and each set of reciprocating 
engines exhausts direct to its own condenser when the turbine 
is not in use. The turbine exhausts to both condensers. A 
shut-off valve is fitted in the exhaust from the turbine to 
each condenser, so that in the event of a defect in either con- 
denser, or its pumps, or other connections, the corresponding 
shut-off valve can be closed, and both exhausts led to the other 
condenser only, thus enabling repairs to be made without stop- 
ping any engine. The shut-off valves are shown in Figs. 
6 and 7. 

The diameters of cylinders of the reciprocating engines in 
the Otaki are 244 inches, 39 inches, and 58 inches respect- 
ively, with a stroke of 39 inches. The cylinders of the Orari 
and Opawa are 244 inches, 41} inches, and 69 inches in dia- 
meter respectively, and the stroke 4 feet. The ratio of high- 
pressure to low-pressure cylinders is thus 1 to 5.6 in the Otaki 
and 1 to 7.93 in the sister ships fitted with reciprocating 
engines. 

The turbine fitted in the Otaki is, generally speaking, of 
the ordinary Parsons low-pressure type. The diameter of 
rotor drum is 7 feet 6 inches, and the length of blades 4} 
inches in the first expansion to 124} inches in the last expan- 
sion. 

A novel feature is that the drum is completely closed at both 
ends, and any leakage past the dummy is led away by an exter- 
nal pipe to the condenser. The object of this is to reduce the 
loss due to the cooling effect of the condenser on the internal 
surface of the drum, and to prevent corrosion. 

The turbine spindles are packed with soft packing, separated 
into two parts by a metallic lantern ring. This ring enables 
the shaft to be surrounded by water between the two divisions 
of the packing, thus forming a water seal. The water is sup- 
plied under a slight head, and a gauge glass at each stuffing 
box indicates the head of water and whether air leakage is 
occurring. A full-sized model of the arrangement was kept 
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running for a month on shore before it was decided to adopt 
this method of packing which has been found to work very 
satisfactorily on service. The stuffing box is shown in Figs. 8 
and 9. 

The lubrication of the turbine bearings is on the adjustable 
sight-feed system, and the oil pump is worked off the turbine 
shaft. An alternative oil pump is worked from the air pump 
lever of one of the reciprocating engines. 

The condensers were made to the design of the Contraflo 
Condenser Company, and the total cooling surface of the two 
condensers is 6,000 square feet. Figs. 10, 11 and 12 show 
the design of the condensers. 

There is one single-acting air pump of the ordinary bucket 
type worked from each set of main engines, the diameter of 
the bucket being 26 inches, and the stroke 194 inches. 

The circulating pumps have 16-inch suctions and discharges, 
and the diameter of the impellers is 48 inches. 

The feed pumps are of Woodeson’s patent type. 

A surface feed heater is fitted in connection with the exhaust 
from auxiliary engines. Fig. 13 shows the general arrange- 
ment of the feed heater. 

The vessel was designed for a continuous sea speed of 12 
knots when fully loaded, but the contract provided for ob- 
taining a trial speed of 14 knots with 5,000 tons of deadweight 
on board. The great difference between sea-going and trial 
conditions must be remembered when comparing sea perform- 
ances and trial results. 

Tables I and II give some particulars of the results of 
the trials. 

The Orari obtained a mean speed of 14.6 knots on the 
measured mile at Skelmorlie. The Otaki, under the same 
conditions, with apparently greater ease, obtained a mean 
speed of over 15 knots for a total water consumption per hour 
of 6 per cent. less than the Orari. The total water consump- 
tion per hour in the Otaki, at 14.6 knots, was 17 per cent. 
less than in the Orari at the same speed. The total water 
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consumption referred to here, and in subsequent comparisons, 
is that for the main and auxiliary engines. 

In the Otaki the total water used in all the engines was 
measured by tanks during the trials, and the number of strokes 
of the feed pumps was also observed. 


Table I.—PARTICULARS OF PROGRESSIVE RUNS ON THE MEASURED 
MILE AT SKELMORLIE, 31ST OCTOBER, 1908. 


z) a 6 7) r) w 7a 
$—&/ $8) g&/ gé 
= a = a = a = nN 
Total H.P. (I.H.P. of reciprocating engines 
plus S.H.P. of center shaft)........... eisaaaninisen 6,857 | 5,348 4,704 | 3,282 
BOG, 1 RBS... c.cccies cncsssessece ccvese coccossso scone 15.02 | 14.278 13.829 12.518 
Revolutions, port..........cccccccserccccceess ssecee seves 103 96.2 | 93.1 | 84.6 
IE ccmnsicaveticsansetassinss o1uees 103.5 | 97-9 | 93.5 | 83.4 
Is soles cscpienione<cnsnastedesecebas 224.5 (209.7 |197.2 (172.1 
Total water consumption per hour by tanks 
(taken from curve), pounds..............00+-2:++- 82,000 67,300 60,200 44,600 


Total water consumption per hour from strokes 
of feed pumps (taking from curve), pounds.., 84,700 69,300 62,300 48,200 
Water per H.P. per hour by tanks, pounds..... 11.95 | 12.6 128 | 13.6 
pumps, pounds... 12.35 | 12.95 13.25 | 14.7 
Mean absolute pressure in H.P. receivers by 


indicator diagrams, pounds............-..++-++++: 193 178 166 135 
Absolute pressure at turbine inlet (measured 
by column of mercury) pounds...............+ 9.5 7.62 6.76){ 5.0 
Vacuum at exhaust end of turbine (measured 
by column of mercury), inches...............0+ 28.1 28.2 28.4 28.5 
Vacuum in condenser by gauge, inches.......... 28.2 | 28.4 | 28.3 | 28.5 
RIOR, SIO srcoistadcenctannceseccossvenesceeneses 36.06 | 30.06 | 30.06 | 30.06 
Temperature of sea water, °F....... enebeancueivhal 56 56 56 56 
circulating discharge, °F. .....| 70 7 70 70 
feed water at hot well, °F...... 72 70 73 74 
Draught of ship, forward, feet and inches..... a 18-10 on 
aft, feet and inches............. ooo =| 21-4 
mean, feet and inches......... oe | 20-5 
TRG NORE, BRR vsercddarcssttcccenscageveeneen ceive sd 11,716 


Water consumption per I.H.P. per hour based 
on I.H.P. of Orari: 
Water by tanks, pounds................sseeee00 13.66 | 13.7 13.8 | 13.07 
PUMPS, POUNAG........ 000. 2eeeecceee] 14.12 | 14.1 14.3 15.2 


The water consumption as calculated from strokes of the 
pumps is in all cases greater than that obtained by tank 
measurements, the difference being about 3 per cent. at the 
higher speeds. 

The water consumption was not measured by tanks in the 
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Table Il. --PARTICULARS OF 


Total EL. P....ccccsssersccovces secee 
Speed, in knots............. Kniss 
Revolutions, port.............-. 
starboard .......- 
Center ....0..00-- 
Total water consumption per 
hour by tanks (taken from 
curve), pounds.............0+. 
Ditto from strokes of pumps 
(taken from curve), Ibs.... 
Water per H.P. per hour: 
By tanks, pounds. ........ 
By pumps, pounds........ 
Coal consumption pr. hr., lbs. 
Coal consumption per H.P. 
DOS TOU 2 coinscss secesenaescenes 
Mean absolute pressure in 
H.P. receivers by indica- 
tor diagrams, pounds........ 
Absolute pressure at turbine 
inlet measured by mer- 
cury column, pounds........ 
Vacuum at exhaust end of 
turbine measured by col- 
umn of mercury, inches... 
Vacuum in condenser, by 
gauge, inches ......0...ccscccee 
Barometer, inches............... 
Temperature of sea water,°F. 
Temperature of circulating 
discharge, degrees F......... 
Temperature of feed water 
at hot well, degrees F...... 
Draught, forward, ft. and in. 
aft, ft. and in....... 
mean, ft. and in... 
Displacement, tons.. 
Water per I1.H.P. per hour 
based on I.H.P. of Ovari : 
By tanks, pounds......... 
pumps, pounds........ 


* These are actual results. 


84,700 


11.95 
12.35 


28.1 


28.2 
30.06 
56 


7o 


72 
18-I0 
21-4 
20-1 


-| 11,716 


7:54 

15.09 
104.9 
104.5 
228 


83,900 


26,700 


196 


98 


28.0 


28.2 
30.0 
56 


74 

74 

18-10 
21-3 
20-01 
11,690 


13.8 
14.25 


& 


6,030 
14.71 
99.7 
IOI.1 
214 


75,200 


77,600 


12.47 
12.37 


189 


28.1 


28.35 
30.0 
56 


“I 
2 w& 


13.65 
14.1 
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VARIOUS TRIALS. 


5.420 4,100 3,460 
I 


14.25 3-35 15.7 
96.7 go. I 82.9 

97-5 89.6 83.5 

203.1 179.0 169.4 
66,700 


68,700 | 56,400 49,80c * 


12.3 eas sin 
12.67 13.75 14.4* 
a eke 4,800 
1.387 
195 175 


7°5 5-75 5-2 
(by gauge) 


28.4 28.75 28.1 


30.1 30.2 

56 56 55 

70 70 65 

73 73 7° 

- 22-6 

23-10 
23-2 
13,710 

13.7 oa 

14.1 14.54 


Column (1) full speed on mile (mean of two hours), October 31, 1908. 
Column (2) full speed on mile (mean of two hours), November 2, 1908. 
Column (3) mean of two runs on mile, 
Column (4) continuous run for one hour, 


Column (5) continuous run for two hours, 
Column (6) run from Clyde to Liverpool (14 hrs.), 


72 


November 2, 1908. 
November 2, 1908. 
November 5, 1908. 
Nov. 21, 22, 1908. 
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Orari, being estimated only from the number of strokes of 
the feed pumps. In order to make a fair comparison of the 
consumption in the two ships, it is necessary to consider the 
water as estimated from strokes of the feed pumps in both 
cases, or to correct the estimated consumption in the Orari 
to make it comparable with the tank measurements of the 
Otaki. In view of the greater accuracy of tank measure- 
ments, the latter method of comparison has been adopted. 

The corrected total water consumption of the Orari, at a 
speed of 14.6 knots, was 88,300 pounds per hour, or 16.5 
pounds per I.H.P. per hour. The latter figure is about the 
mean of the results obtained under similar conditions in a 
number of vessels with machinery of similar design, and so 
may be regarded from a practical point of view as sufficiently 
reliable for purposes of comparison. 

The records of water consumption are in most cases base« 
on observations on the measured-mile runs, and it is admitte:! 
that such records are liable to error on account of the short 
duration of the observations. It has therefore been considered 
preferable to plot the results of various observations, to draw 
a curve of mean results, as shown in Fig. 14, and to use figures 
taken from the curve in making the comparison previously 
given and those which will be referred to later. 

The actual curves from which the figures were taken were. 
of course, on a larger scale than those herewith, and care was 
taken in drawing the curves not to give unduly favorable 
results. 

The following auxiliary engines were at work during the 
trials : 

Two main circulating engines; 1 air pump for auxiliary con- 
denser; 1 circulating pump for auxiliary condenser; 1 main 
feed pump; 1 fan engine; 1 electric-light engine; 1 steering 
engine; 1 general service pump. 

The evaporators were not in use during the trials on the 
Clyde, and the results do not include any allowance for steam 
used by evaporators, or make-up feed in any case. On the 
other hand, it was found that all the auxiliary exhaust steam 
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could not be- utilized for heating the feed water, so there was 
a certain amount of loss through taking part of the auxiliary 
exhaust direct to the auxiliary condenser. 

The coal consumption was not ascertained on these trials. 
the time being too short to admit of accurate measurement. 

On the run from the Clyde to Liverpool, with the vessel 
partly loaded, on 21st and 22d November, 1908, at about 
half the full power, records were taken for fourteen hours 
and the coal was measured. 

The water was estimated from the total number of strokes 
of the feed pump during the period. 

The evaporators were not in use. 

The.coal consumption works out at 1.387 pounds per H.P. 
per hour for all purposes, but, as will be seen from the partic- 
ulars of water consumption, a lower coal consumption per 
H.P. might be anticipated at higher power. 

The coal used was Scotch, of the following quality, as 
analyzed by two independent analysts : 





(1.) (2. ) 
Per cent. Per cent. 
ee ere 66.48 
Gas; ter, otc, . . . 86408 24.28 
A .84 
Me oe aE A 6.13 7.50 
Wns 4 She 1.86 1.74 
100 100 


Calories in heat units, 
Ce, ote OO 7564 
Heating power in 
pounds of water 
evaporated from 
and at 212 deg. 
Fah. per pound of 
coal, . 
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Accurate comparisons of coal and water consumption per 
horsepower in two vessels driven by reciprocating engines and 
steam turbines respectively are rendered difficult by the dis- 
tinction between shaft horsepower and indicated horsepower. 
The actual shaft horsepower of the reciprocating engines is 
seldom known, and an assumed ratio of shaft horsepower to 
indicated horsepower, based on general information, may lead 
to error. Further, as the efficiencies of the propellers may 
differ sensibly, and we are concerned with the efficiencies of 
the whole propelling apparatus, the comparison of the two 
systems cannot be based on shaft horsepower alone. 

If it be desired to compare the coal or water consumption 
of two vessels in relation to power, then it appears preferable 
to use the known indicated horsepower of the reciprocating- 
engined ship as a basis, provided the propellers are of normal 
design. We are thus eliminating any difference in efficiency 
of propellers, and dealing with power in the terms which cus- 
tom has rendered familiar. In the case of two sister vessels 
the same horsepower would be used for both ships, and this 
method of comparison would therefore give the same results 
as comparison by total consumption. 

rom a design point of view, the most reliable comparison 
appears to be one based on water consumption per E.H:P. 
where this is available, while from a practical point of view 
it is obvious that in sister vessels with similar boiler installa- 
tions the coal consumption per mile or per hour at the same 
speed affords the best comparison of the two systems. 

Figure 15 shows the I.H.P. and speed curves of the (/aki, 
Orari and Opawa. 

The proportion of total power developed in the turbine of 
the Otaki was found to vary with the speed. At full power 
this proportion was about one-third; while at very low speeds 
the turbine was doing only a small proportion of the work. 

At a speed of 14.6 knots, the indicated horsepower in the 
Orari was 5,350, and the corresponding power in the Ofaki 
was 5,880. At this speed the E.H.P. was 3,210 in the Orari 
and 3,350 in the Otaki, the propulsive coefficients being thus 
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(0 per cent. and 57 per cent. in the respective ships. ‘The 
propulsive coefficient in the Otaki at full speed fell to 54 per 
cent. 

Applying now to the trial results of the Otaki and Orari, at 
a speed of 14.6 knots, the various methods of comparison 
referred to: 

(1) The comparison based on total water consumption and 
speed has already been dealt with. 

(2) A water consumption of 21.9 pounds per E.H.P. per 
hour in the Otaki corresponded to 27.5 pounds per E.H.P. per 
hour in the Orari, the gain on this basis being, therefore, 
20 per cent. 

(3) The lowest line of Tables I and II shows the water 
consumption per I.H.P. in the Otaki, taking the I.H.P. as 
that obtained in the Orari for corresponding speeds. On this 


> 


basis a water consumption of 13.7 pounds per I.H.P. per hour 
in the Otaki corresponded to 16.5 pounds per I.H.P. per hour 
in the Orari, i. e., the gain in the Otakt was 17 per cent. 

\ summary of the results of these comparisons is given in 


Table III. 


Table I1Il.—SuMMARY OF COMPARISONS OF TRIAL RESULTS OF THE 
‘*OTAKL’’ AND ‘‘ORARI"’ FOR A SPEED OF 14.6 KNOTS ON THE MEAS- 
URED MILE. 


Water consumption. 


Propul- 

> > > iu i > > 

E.H.P. I.H.P. sive co Total per| Per E.H.P. Per I.H.P. 

efficient. , rs of Orari 

10ur, per hour, ' x 
per hour. 
per cent. pounds. pounds. pounds. 

CE i ciiniins 3,350 5,880 57 73,300 21.9 13.7 
Ee 3,210 5,360 60 88,300 27.5 16.5 
Gain per cent. in OAK... ....:c0eecceeee veeeee 17 20 17 


Note.—Columns marked * do not take into account the difference of 
E.H.P. in the two ships; these two methods of comparison should show the 
same gain. 
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In connection with the comparisons of water consumption 
the results obtained in two representative vessels built for 
cross-channel passenger service may be of interest. One ves- 
sel was fitted with twin screws and reciprocating engines, and 
the other with turbines and triple screws. The reciprocating 
engines were of the ordinary fast-running triple-expansion 
type fitted in such vessels, and with a smaller ratio of expan- 
sion than usual in slower vessels. These engines were not 
so economical as those fitted in the Orari, but are believed to 
be economical engines of their type. The boilers of the tur- 
bine-engined ship were smaller than those of the reciprocating- 
engined ship, and the former obtained a slightly greater speed. 
The propulsive coefficient in the reciprocating-engined ship 
was 55.5 per cent. and in the turbine-engined ship 53 per cent. 
\t the maximum speeds the reciprocating engines consumed 
30.6 pounds .of water per E.H.P. per hour, and the turbines 
26.4 pounds per E.H.P. per hour. This represents a gain of 
14 per cent. in consumption by the use of turbines, and it may 
also be incidentally remarked that the reduction in weight of 
machinery per E.H.P. was 18 per cent. 

Table 1V shows the initial pressures, range of temperature, 
etc., in the different cylinders as taken from two sets of in- 
dicator diagrams at full speed in the Otaki. It will be ob- 
served that the range of temperature in the low-pressure 
cylinders of the reciprocating engines is about the same as in 
the other cylinders; also that the theoretical heat available 
in the turbine is over one-third of the total available heat. 

Turning now to the performance of the Otaki on service, 
the coal consumption on the voyage from Liverpool to Tene- 
riffe was 11 per cent. less than the mean for the sister vessels 
Orari and Opawa under similar conditions and at practically 
the same speed. 

On the whole round voyage from Liverpool to New Zealand 
and back, the average speed maintained by the Otaki was 
11.09 knots. This speed does not represent the sea speed 
which the vessel is capable of maintaining, the power required 
being only about half that developed on trial, nor is it the 
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most suitable for obtaining the lowest consumption of coal 
per H.P., but it was the speed arranged to suit the owners’ 
conditions of service. The initial pressure in the turbine was 
only about 4.5 pounds absolute. 


Table IV.—INITIAL PRESSURES AND RANGE OF TEMPERATURE IN CYL- 
INDERS OF THE ‘‘OTAKI’’ AT FULL SPEED. 
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A careful comparison of the coal consumption for the round 
voyage with that of the sister ships on similar voyages at the 
same speed shows an apparent gain of about 8 per cent. This 
gain represents about 500 tons of coal for the round voyage, 
and as the ship leaves England with sufficient coal for the 
outward run, would permit of the cargo carried being in- 
creased one-half that amount. Compared, however, with the 
results on trial and on the voyage as far as Teneriffe, this re- 
sult appears disappointing. It is, however, not really so, as 
there were various adverse circumstances to account for the 
apparent falling off in economy which it is not proposed to 
enter into here, as they were not attributable to the type of 
machinery. One contributing cause, however, was that, on 
docking, the vessel was found to have an abnormally foul 





bottom. 
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It is confidently anticipated that a greater gain in economy 
will be obtained in future. 

The engines made a non-stop run outwards from Teneriffe 
to New Zealand, a distance of 11,669 miles as logged, which 
is probably the longest continuous run yet made by a marine 
turbine. The turbine worked perfectly satisfactorily through- 
out the whole round voyage. 

The condensers were designed with a view to maintaining a 
high vacuum in tropical waters, and the following are typical 
records of the results obtained with sea water of various tem- 
peratures : 


Height of Barometer, ins... 30.02 30.05 | 30.09 30.00 30.09 29.85 29.65 


Vacuum, inches................ 28 283 | 28% 29 29 29 29 
Temperature of — 
Water in hot well, °F..... 103 98 94 86 83 74 71 
Ses water, °F..........0<0s000 84 80 76 68 63 56 53 
Circulating discharge,°F. 98 94 gI 82 80 68 69 


Vacuum corrected to 30- 
inch barometer, and re- 
duced .35 inch to allow 
for possible error in 
SIE vnncenaniced pncbtee ty ne 27.88 28.1 28.3 28.65 28.56 28.8 29 


The revolutions of the main reciprocating engines, when 
these records were taken, were about 81 per minute, and the 
revolutions of the circulating pump 150 per minute. 

The vacuum is given as recorded, but a slight reduction 
should be made in each case for errors in gauges. The ma,i- 
mum error observed in the gauges on trial as compared with 
the mercurial column was .35 inch, while the mean error 
was under .2 inch. The gauges were not tested after arrival 
in England, so the absolute accuracy of the records cannot be 
vouched for. 

From these records, even with a deduction corresponding to 
the maximum error observed, it appears that practically the 
possible vacuum with the respective hot-well temperatures was 
obtained. The drains from the turbine are always open to the 
air-pump suction, so that the temperature of the water in the 
hot-well was probably slightly higher than that of the water 
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at the bottom of the condenser. Further, there may be slight 
errors due to the vacuum being recorded to the nearest quarter 
of an inch. 

The vacuum gauges are placed at about the level of the 
middle of the condenser. 

It will be admitted, however, that even allowing a reason- 
able margin for errors in observation and increased error in 
gauges, the results appear very satisfactory, but it has to be 
remembered that the vessel was only steaming at about half 
power. 

Figures for vacuum obtained on the trials are given in 
Tables I and II. On these trials there was air leakage at the 
L.P. glands which was subsequently reduced. 

As regards the feed heater, with a pressure of from 8 to 12 
pounds in the auxiliary exhaust, the temperature of the feed 
water was raised from hot-well temperature to 210-215 de- 
grees Fahrenheit, while using only part of the auxiliary-ex- 
haust steam. Some gain in economy would be obtained by 
leading the surplus auxiliary-exhaust steam to the turbine. 

One of the most difficult problems in connection with the 
design of machinery for turbine-driven vessels is the design of 
propellers. It is well known that, considered from the point 
of view of efficiency of engines only, a high number of revo- 
lutions is most suitable for the turbine, while from the point of 
view of efficiency of propellers only—with the present knowl- 
edge of propeller design—a lower number of revolutions seems 
to be required, and turbine installations for marine propulsion 
are, therefore, a compromise between these two opposing 
factors. 

In the combination system these difficulties are accentuated. 
as the best distribution of power has to be considered in con- 
junction with the effect of the difference in revolutions of 
center and wing shafts. It is conceivably possible that the 
whole gain in power obtained by the turbine may be lost by 
defective design or arrangement of propellers. 

In this connection two recent tank experiments with models 
of different types of ships may be mentioned. In one case the 
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best results were obtained by putting a reduced proportion of 
the total power through the center screw, while in the other 
case the best results were obtained by putting an increased 
proportion through the center screw. 

In the case of the Otaki a large number of tank experi- 
ments and experiments with an electrically-driven 50-foot 
model were made on the Gareloch before the dimensions of 
the propeller were decided upon. 

The dimensions of the engine room in the Ofaki were the 
same as in her sister ships, and were found sufficient to admit 
of an arrangement of machinery which gave satisfactory 
access to all working parts. 

The total weight of machinery in the Otaki was about 30 
tons more than in her sister ships—an increase of about 3.25 
per cent. In view, however, of the greater economy of the 
combination system the boilers of the Otaki might have been 
reduced. Allowing for this, the total weight of an installa- 
tion of the combination system would not exceed that for 
reciprocating engines. ‘The saving in bunker capacity would 
more than balance the loss in cargo-carrying capacity due to 
the three tunnels, and hence in future vessels of similar design 
no increase in length would be necessary. In the Otaki, how- 
ever, the owners desired no alteration in the bunker capacity 
or the boilers—hence the increased length. 

The possible difficulty in maneuvering has been advanced 
as an objection to the combination system. No difficulty of 
any kind in connection with maneuvering was experienced in 
the Otaki. The maximum power cannot be developed when 
going astern, but it was found that astern power sufficient for 
all practical purposes had been provided. 

Another objection which has been raised is the possible effect 
of oil from the reciprocating engines on the turbine blades, 
and possible clogging of the first row of fixed blades by oil and 
other foreign matter. Pending experience on this point it was 
decided not to fit oil separators or strainers in the Otaki, a 
large pocket only, with a baffle and examination and cleaning 
doors, being provided at the lower end of the steam-inlet pipes 
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to the turbine. After the trials it was found that there was 
no collection of oil or other foreign matter. A further ex- 
amination was made at Teneriffe and another on arrival in 
New Zealand with similar results. On arrival in England the 
turbine cover and rotor were lifted and a thorough examina- 
tion made. There was a slight deposit in the inlet-pipe pock- 
ets, but the blades were in good condition and quite clean, 
with the exception of a few in the first rows at the lowest 
part of the turbine on which there was a very thin layer of 
oily deposit. From the experience on this voyage there ap- 
pears no reason to anticipate any trouble from this cause. 

It is admitted that there are discrepancies in the records of 
the trial results of the Ofaki and that the trials were of too 
short a duration for absolutely accurate measurements of 
water, but allowing for discrepancies and possible errors in 
observation, the results, on the whole, taken in conjunction 
with the performance of the vessel on service, are considered 
sufficient to show that a high degree of economy may be an- 





ticipated in the combination type of engine—an economy prob- 
ably higher than has been obtained in any other type of 
marine engine for vessels of this class. There appears little 
doubt that in vessels of low speeds, for which Parsons turbines 
alone are unsuitable, and where economy is of primary im- 

portance, this system can be advantageously employed. 

The crux of the question appears to be the design of the 
after body of the ship and the propellers, and the position of 
the propellers. With further information and experience im- 
provements in the design of these particulars may be antici- 
pated. 

The Hon. C. A. Parsons has shown how to obtain addi- 
tional power for the same steam consumption; the problem 
now is how to utilize this power most efficiently; in short, to 
make three propellers as efficient as two, and to get the full 
benefit of this additional power. 

It is hoped, while the information given in these notes is 
not so complete, accurate or consistent as might be desired, 
that in view of the importance of the subject it is sufficient, 
as it stands, to be of interest. 
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The New Zealand Shipping Company is to be congratulated 
on its courage in allowing the experiment to be made, and it 
is desired, in conclusion, to thank the officials of the company 
for their courtesy in supplying much of the information con- 
tained in this paper and allowing it to be published. 


APPENDIX. 


Since the foregoing was written, the Otaki has completed 
another voyage to New Zealand at a mean speed of 12.35 
knots, and the anticipations as regards improved economy 
have been realized. 

As the speed was greater than that of sister vessels under 
similar conditions, it is difficult to make an exact comparison, 
but it appears that the gain in coal consumption in the Ofaki, 
as compared with similar vessels, was not less than 12 to 15 
per cent. 

Discussion. 


Mr. D. B. Morison remarked that he had come quite un- 
prepared to take part in the discussion on the paper, but he 
felt that Messrs. Denny & Co., and the New Zealand Shipping 
Co., should be congratulated upon their courage in making 
this distinct advance in marine engineering, and thanked for 
their kindness in so unreservedly putting the results of the 





voyage before marine engineers. It would appear that the 
consumption economy available was about 12 per cent. ‘That, 
he believed, had been the experience of the White Star Com- 
pany with the Laurentic, the results being so satisfactory that 
they had adopted the system in their new transatlantic liners. 
Whether any further marked gain in economy would be 
achieved was doubtful, so it remained for decision whether, 
say, 12 per cent. was sufficient to justify the extra cost in 
boats of moderate speed. Personally he had been very much 
interested in the problem in its connection with cargo boats. 
Taking a cargo boat of 1,200 H.P., an exhaust steam turbine 
rendered 200 H.P. available, but the difficulty was to apply 
that 200 H.P. to the existing shaft. An additional shaft need 
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not be considered. Mr. Parsons had proposed gearing, belt 
driving and electrical driving. He himself thought that belt 
driving was quite out of the question. Engineers looked with 
a certain amount of suspicion on gearing on board a steam- 
ship, and electrical contrivances had their objectionable fea- 
tures. He saw in London the other day a very interesting 
device for magnetic driving, of the worm-and-wheel type, in 
which there was no mechanical contact whatever between the 
worm and the wheel. <A difficulty presented itself if the pro- 
peller raced and the apparatus got out of phase, but no doubt 
further investigations would be made. In the meantime the 
problem was still before them of supplying, say, 200 H.P. 
available in a cargo boat to the main shaft, and if that problem 
could be solved in a simple and efficient manner, it would 
certainly mark a distinct step in advance in cargo-boat en- 
gineering. ‘They were greatly indebted to Engineer-Com- 
mander Wisnom for the very detailed and expressive way in 
which he had put the whole results before them. 
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Fig. 16. 
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Mr. W. B. Sayers esteemed it a very great honor to make 
a few remarks which might be more or less critical, and espe- 
cially before such an audience. First of all, he would like to 
refer to the curve which he had exhibited on the wall, Fig. 16. 
The ordinates of that curve were the thermal units available 
in steam from 1 pound pressure absolute, corresponding ap- 
proximately to a vacuum of 28 inches up to about 190 pounds 





per’square inch above atmosphere. The abscissae were pro- 
portional to the size of the plant that was required to obtain 
the modicum of power at any given point. The question 
that presented itself to him was, Was the combination of 
reciprocating engines and turbine likely to be a lasting design, 
or was it only transitional? He ventured to think that it was 
transitional. The recourse to the combination was an ac- 
knowledgment that the Parsons’ form of turbine was not really 
satisfactory for the high-pressure end, unless for very large 
sizes and high speed. That was shown by considering that 
at a pressure of 200 pounds per square inch, and taking a 
steam speed of 600 feet per second, the whole of the steam 
used, namely $0,000 pounds per hour, would pass through a 
space around a drum of 7 feet 6 inches diameter of only .037 
of an inch radial depth. WUalving the diameter, the space 





through which the whole of the steam would pass would 
still be under one-tenth of an inch radial depth. One saw 
at once the difficulty that arose, there being no room for stator 
and rotor blades in such a space. The Parsons’ form, though 
almost ideal at the low-pressure end, was quite unsuitable at 
the high-pressure end. In other forms of turbine such as 
the Curtis and the Rateau, the plant inefficiency or weight and 
bulk per unit power must be unnecessarily great owing to large 
sections of the rotor and corresponding portions of casing 
being unproductive of power. The form which promised 
better results was that in which the steam at the high-pressure 
end was led through the same rotor buckets a considerable 
number of times. All the stages, in fact, down to atmos- 
pheric pressure could be taken up on one rotor and ring of 
buckets. In such a turbine the efficiency, or steam consump- 
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tion attainable, was largely determined by the extent to which 
leakage between the rotor and stator could be minimized, and 
that again depended very largely upon the degree of truth to 
which the surface of the rotor could be made to run. Given 
a rotor presenting a smooth cylindrical surface, with sunk 
buckets running truly, the clearance could be microscopical, 
and the stator being in sections could be made readily ad- 
justable while running, thus bringing the working efficiency 
largely under the control of the operator. He had devised 
a form of bucket for such a rotor which could be readily 
milled out of the solid at one cut per bucket, and leaving 
ample strength so that there was no risk of damage even 
should contact occur. He had made rough calculations and 
estimated that he could design high-pressure turbines to take 
the place of the reciprocating engines in the Otaki, to weigh 
not exceeding 25 tons each, including special gear to reduce 
the speed from 600 to 125 or 100 revolutions per minute, and 
thus render them suitable for equally proficient propellers to 
those used with the reciprocating engines. He thought the 
time had come when the question of gear should be prac- 
tically attacked. The problem of making reciprocating en- 
gines capable of revolving at high speed with balanced cranks 





and rods, and gear of all kinds, having been so successfully 
solved, it was not too much to assume that the problem 
of a silent gear of ample strength and thorough reliability 
was practicable. He was prepared to design such a gear. He 
felt greatly helped by the information which the paper con- 
tained, and he was sure that Engineer-Commander Wisnom 
would not object to his proposal to go one notch higher. 


Mr. H. A. MaAvor remarked that he had not intended to 
speak, because one was always unwilling to side-track the dis- 
cussion of a paper, but he thought that Engineer-Commander 
\Wisnom would forgive him if he referred to Mr. Morison’s 
suggestion of the possibility of dealing with this problem by 
means of electrical gear. The fact that Engineer-Commander 
Wisnom and others had brought skill and experience to carry 
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their methods to perfection, made it difficult for any electrical 
engineer to supersede those methods; but the kind of problem 
that Mr. Morison had put was one which the electrical engi- 
neer could solve with ease and certainty. To take 200 H.P. 
from a steam turbine and put it to drive a propeller was a prob- 
lem about which there were no new difficulties. One could 
see all round Glasgow motors of the size spoken of running 
at the speed required, and controlled by the type of man who 
was to be found as an engineer on a cargo ship, but to add 
to the weights of reciprocating engine and turbine, as at pres- 
ent arranged, the additional weights of dynamo and motor, 
would be a terrible handicap, and personally he thought that 
this was not the way to deal with the problem. In his opinion 
it would be better to deal with the whole problem electrically, 
and this was possible on ordinarily accepted commercial lines. 
It was easy to show in any individual case what the probable 
economy would be, and he estimated that on a ship, such as 
the one under discussion, an economy of 10 per cent. on the 
coal consumption claimed by Engineer-Commander Wisnom 
could be attained. He begged leave to say that a visit had 
been arranged to the works of his company, so that anyone 
interested in electric ship propulsion could see in operation 
the methods proposed for dealing with this problem. 





Mr. WiLLiAM WEIR said that, like Mr. Morison, he con- 
sidered that the marine engineering profession was once again 
indebted to Messrs. Denny & Co., of Dumbarton, for the first 
definite results of the performance of the latest and apparently 
most promising innovation in marine propulsion, and he looked 
forward to this paper as giving the lead to many shipowners, 
in the adoption of the combination principle. The value and 
interest of the paper did not appear to him to be confined to 
the performance of the main propelling machinery, as it con- 
tained the first public declaration of results which he had 
seen of the performance of a type of condensing plant which 
had attracted considerable attention recently, and it appeared 
to him that these results deserved more than passing consider- 
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ation in view of the great interest being taken at present in 
the development of the main auxiliary required for a steam 
turbine plant. In analyzing the results he would ask them to 
believe that it was his desire to establish the degree of progress 
in design which such figures represented. He would refer 
to the figures for tropical conditions later, but in the first case 
he was compelled to accept the trial-trip figures as being the 
only ones of real scientific value, as these comprised vacua 
recorded by mercurial columns, and accordingly might be 
accepted as substantially correct. Further, the trial-trip re- 
sults represented four days’ running over a period of almost a 
month, consequently allowing ample occasion for making good 
any considerable air leakage which developed. To render 
the analysis simple, he would assume that the most satisfactory 
ineasure of condenser efficiency was the number of B.Th.U.’s 
of heat transmitted per square foot of cooling surface per 
degree Fahrenheit of difference in temperature, coupled with 
the thermal loss in the hot-well, that was to say, the difference 
between the vacuum temperature and the actual hot-well tem- 
perature. In Table I, column 2, data were given which 
enabled one to establish a transmission rate of about 450 
B.Th.U.’s, the thermal loss being 24 degrees, and the con- 
densation rate 14 pounds of steam per square foot per hour. 
At the lower powers on the voyage to Liverpool the transmis- 
sion rate was 200 B.Th.U.’s, thermal loss 30 degrees, and a 
condensation rate of 7.63 pounds per square foot. Without 
desiring to make any depreciatory criticism, he thought he was 
within the mark in saying that these figures did not represent 
any advance on results frequently achieved with ordinary 
cylindrical condensers, making no pretensions to special design : 
in fact, a rough comparison would show that the figures did 
not nearly reach results which had been already achieved and 
given elsewhere, but which he would briefly recapitulate as 
of interest to the Institution, in showing definite progress in 
high vacua condenser design. ‘The first results were from a 
turbine-propelled vessel of about 4,500 H.P., and on careful 
trial the condensing plant gave a transmission rate of 960 


73 














1126 TRIALS AND PERFORMANCES OF S. S. O7AKI, 


B.Th.U.’s, a thermal loss of 20 degrees, and a condensation 
rate of 28.5 pounds per square foot. To this might be added 
the performance achieved at Clydebank shipyard, on Monday 
of that week, when a carefully designed condensing plant gave 
the following figures: Transmission rate 1,140 B.Th.U.’s, 
thermal loss 3 degrees, and condensation rate 18.5 pounds 
per square foot. In that plant the inlet temperature was 59 
degrees, and the vacuum, with the barometer reading 30 
inches, was 28.9 inches. He desired to state that in both 
those plants the proportions of the air and circulating pumps 
were such as could be easily fitted to any marine installation, 
the air-pump capacity in the first plant being one-fifth of that 
fitted to the Otaki, and in the other case less than one-half of 
the Otaki. From the shipowners’ point of view it was in- 
teresting to note that the adoption of such apparatus for a ves- 
sel of the Otaki type, to achieve like results to those recorded 
on the full-power trial trip, would comprise condensers having 
3,000 square feet of cooling surface, or one-half the surface 
at present fitted, with corresponding reduction in weight and 
space, while the thermal loss would be about one-third, the 
circulating pumps remaining of the same dimensions, and the 
air pumps being considerably reduced. Referring to the fig- 
ures given of the performance of the Otaki’s condensers in 
tropical waters, he regretted to find therein inconsistencies 
which rendered acceptance of the figures open to some ques- 
tion. The main point was that in each case the vacua, even 
when subject to Engineer-Commander Wisnom’s deductions, 
were in exact agreement with the hot-well temperatures. If 
they accepted those figures they must inevitably accept the 
resulting conditions, as follows: (1) No air pump what- 
ever was required on the Otaki. An ordinary air pump tak- 
ing air, vapor and water could not pump any air if the air and 
water were at the vacuum temperature. (2) Granting there 
was absolutely no air leakage in the system, a most difficult 
presumption, a further conclusion then must be accepted, that 
there was no air in the steam. In view of the fact that no 
apparatus of the nature of a direct-contact heater was fitted 
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for eliminating air, this conclusion appeared quite inadmissi- 
ble. (3) The condenser design shown in the paper embraced 
a cooler situated in the base of the condenser, and this was 
apparently of a non-controllable type, which could not be shut 
off. It therefore followed that this cooler, which was de- 
signed to perform a most important function, must have 
been out of action, as no cooling whatever took place. This 
was further proved by the evident inability of the apparatus to 
maintain either a steady vacuum or alternatively a steady hot- 
well temperature with a varying sea temperature. These func- 
tions constituted the usual claim for the adoption of the de- 
vice. It must, of course, be remembered that in tropical 
waters the condensers were working at half the designed load. 
There was another peculiarity about the figures, apart from 
the gauge corrections, which, strangely enough, were just 
sufficient to make the figures theoretically possible, any lower 
deductiens giving impossible figures. The peculiarity he re- 
ferred .o was that the ship had two condensers, but only one 
set of vacua and temperature figures were given. He would 
ask Engineer-Commander \Wisnom to let him assume that both 
condensers registered the same vacua, the same outlet circu- 
lating temperature, and the same hot-well temperature. In 
conclusion, there was one other slight point to which he desired 
to draw attention. On page 54 the author said that the air 
pumps were of the ordinary bucket type. His recollection 
was that generally Messrs. Denny, in their turbine installa- 
tions, had fitted suction valveless air pumps. Was he, there- 
fore, to take it that Engineer-Commander Wisnom’s experi- 
ence corroborated the experience of his (Mr. Weir’s) firm, 
in their conclusions, after careful and extensive experiments, 
that for efficiency, especially in high vacua plants, the three- 
valve type of pump was distinctly preferable? There were 
a number of other points in the paper which might be profit- 
ably dealt with, but he need only now assure Engineer-Com- 
mander Wisnom of his appreciation of his paper and of the 
results which he had placed before the meeting. 
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ProreEssor R. L. Weicuton, M.A., D.Sc., observed that he 
felt personally indebted to Engineer-Commander Wisnom for 
this paper, chiefly because it gave what most of them interested 
in the economical propulsion of steamships had been in search 
of for the last year or two, namely, some absolutely reliable 
data from actual practice. He had not been able to get such 
data before, and this paper now gave that information on 
which one could rely with a very considerable degree of confi- 
dence. One point which appealed to him almost more than 
any other, and which was brought out in the paper, was that, 
it was there shown that the propulsive efficiency of the ship 
when propelled by the new combination of machinery fell 
off from 24 to 3 per cent. He thought it was very wonderful 
that it was so low. In the absence of definite information, 
some of those interested in the combined system had been 
inclined to put the falling off in propulsive efficiency much 
higher than those figures. Fig. 15 showed that the Otakt, at 
any given speed, was consuming more horsepower than the 
sister ship, and, therefore, if the economy of the system were 
interpreted in terms of horsepower only, she would be inferior 
to her sister ship fitted with reciprocating engines. That in- 
feriority, however—he took it from the few words he had had 
with Engineer-Commander Wisnom—arose entirely from the 
falling off in the efficiency of propulsion, namely, 24 to 3 per 
cent., and Fig. 14 completely explained how it was that, not- 
withstanding that disadvantage which was inseparably asso- 
ciated with such machinery, the Otaki was nevertheless bet- 
ter than her sister ship. That raised the whole question of 
the difficulty of adequately expressing economical perform- 
ance in terms of any horsepower at all. They must have it 
in terms of the coal consumed, or the steam consumed that 
gave the speed, and so it was found that in spite of the waste 
of power shown in Fig. 15, the previous diagram indicated 
superiority, because, although the combination engines wasted 
more power in respect of the screw propeller than the other 
engines did, the former gave more horsepower from each 
pound of steam, and that was the whole question. He 
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thought that point had been very clearly brought out, and if 
Engineer-Commander Wisnom had demonstrated nothing else 
than that, he had rendered a very great service indeed in this 
matter. Anyone in reading this paper would see at once the 
point of it, and he certainly would not find that the condens- 
ing apparatus was any point at all in it, and he (Prof. Weigh- 
ton) would not in the ordinary course have thought it worth 
while to have mentioned it. He must, however, ask Engi- 
neer-Commander Wisnom to excuse him if he diverted a little 
very briefly from the main point of the paper, because of the 
remarks that Mr. Weir had made with regard to the condens- 
ing apparatus. Personally he did not know anything about 
the considerations which led to the adoption of this particular 
condensing apparatus, except from what was given in the 
paper, but some of Mr. Weir’s remarks might be misleading 
unless one looked closely into the matter, and he felt compelled, 
in the interests of scientific accuracy and validity of compari- 
son, to advert somewhat briefly to the question. In this con- 
nection there were only two points that he would notice. If 
his memory served him right, Mr. Weir compared two con- 
densers, on a basis which was absolutely misleading as he 
put it, and he (Prof. Weighton) wanted to put that right in 
the interests of scientific accuracy. He compared two con- 
densers which differed entirely in the conditions under which 
they were working. His basis of comparison was heat units 
transmitted per square foot per unit time, for each degree 
difference of temperature. Now, anyone who had experi- 
mented on the condensation of steam knew that, unless the 
figures obtained from such a comparison were taken in as- 
sociation with the conditions under which the condenser was 
working, the comparison was absolutely valueless as well as 
positively misleading. His experience was that these figures 
depended for their value on several factors, almost all of which 
were independent of the design of the condenser in any shape 
or form. ‘The particular value of the figures depended first 
of all on the rate of condensation in the condenser. With a 
highly loaded condenser in which water was supplied in pro- 
portion to the steam, one would get a higher rate of trans- 
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mission of heat per unit time per unit surface, also if one put 
more water through the condenser, by increasing the speed of 
the water, one would equally get a higher apparent rate of heat 
transmission rated in the way that Mr. Weir had adopted. 
And further, one would get an enormous variation in that 
figure according to the amount of air which was permitted 
to enter or remain in the condenser. ‘The whole subject was 
not susceptible of being stated in any such simple terms as 
suggested by Mr. Weir. The conditions under which the 
several apparatus were working must be carefully stated, and 
he could not possibly compare any two condensers even of 
the same design, not to speak of different designs, in any such 
simple way as that. One could not compare in that way the 
performance of a condenser worked as torpedo-boat condens- 
ers were worked, with a condenser worked as that in such a 
ship as the Otaki. He himself had studied this question now 
for several years, and he had made many hundreds of ex- 
periments both on experimental apparatus and on commercial 
apparatus as well, and he had found the figure given by Mr. 
Weir varying as follows: He had had it for one condenser 
as low as 400 and as high as 600, 563, 642, 416 and up to 
1,140 B.Th.U.’s. There was no possibility of using this figure 
as a basis of comparison when it varied to this extent in one 
apparatus. He thought that if Mr. Weir’s statement had 
been allowed to pass, some who might not have had the op- 
portunities that others had of looking closely into the question 
might have been misled. The second point was that he did 
not know what Mr. Weir meant when he referred to the 
“barely possible” or “ hardly possible” in the attainment of 
results. He would fancy that Engineer-Commander Wis- 
nom might be left to defend the accuracy of his own figures, 
but if it was any use to the author, he (Prof. Weighton ) 
might say that in his experience he had found such results 
as those referred to habitually obtained and maintained with- 
out any difficulty whatever, provided that the conditions were 
present which enabled them to be obtained. Leaving that 
point, one of the speakers made a remark, which struck him 
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as being one on which they were all agreed, that this new 
engine arrangement must be looked upon as transitional. In 
the sense that every step in advance was transitional, he agreed 
with him absolutely, and he thought that they all would, but 
if he meant that they could have no advance without finality, 
then he disagreed in toto, and so would they all. He thought 
that although it was transitional, and although every step in 
advance was transitional, it did not mean that it was not a 
valuable step towards final perfection. Engineer-Commander 
Wisnom had been kind in laying before them a distinct step in 
advance, though not final by any means, and possibly the lines 
would change on which the advance would be made in the 
future. For the achievement of this distinct advance they 
were indebted to the mechanical genius of the Hon. C. A. 
Parsons, and to the courage and enterprise of the owners and 
the builders of the Otaki. 


Mr. D. B. Morison said that his object in asking to be 
allowed to speak a second time was merely to make a sugges- 
tion. He thought the greatest compliment that they could 
pay Engineer-Commander Wisnom and Messrs. Denny & Co. 
in thanking them for their generosity in publishing all the 
data, was to confine the discussion as near as possible to the 
epoch-making character of the subject. With regard to the 
condenser, it was simply an incident in the paper, and whether 
the vacuum was 29 inches or a decimal point either way made 
no material difference. As the subject of condensation ap- 
peared to have created considerable interest, he was certain 
that he was voicing the wishes of all engineers present when 
he asked Mr. Weir if he would favor the Scottish Institution 
or the North-East Coast Institution with a paper on the sub- 
ject. Although Mr. Weir had a vast store of information, 
he had not favored—possibly through commercial pressure— 
the Scottish Institution, or any other Institution, lately with 
his views, so that such a contribution from him would be 
highly appreciated by the whole of the engineering profession. 
He (Mr. Morison) on his part would be very pleased to come 
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to Glasgow and join in the discussion. But if Mr. Weir found 
it impossible to make such a contribution he would be very 
pleased to do so himself. No doubt Mr. Weir would tell the 
Secretary which alternative would suit him, and he would 
leave the matter entirely in his hands. 


Mr. R. M. NEILSON said that in two of the columns in Table 
III the superiority of the Otaki over the Orari was given as 
17 per cent. and as 20 per cent. respectively, and he thought 
that a little consideration would show that 17 was the figure 
of commercial importance. The Otaki was 17 per cent. better 
than the Orari at a certain speed, which was not the speed 
at which he understood the Otaki was intended to run, but it 
showed what could be accomplished by the recipro-turbine 
combination. <A recipro-turbine-engined vessel to be of equal 
commercial economy would have to run on 13.7 pounds of 
steam per I.H.P. per hour. They, therefore, knew that with 
the recipro-turbine combination a vessel could be propelled at 
a speed of about 14 or 15 knots with 17 per cent. less coal 
than a fairly economical vessel propelled by reciprocating en- 
gines, and able to carry the same cargo. It did not matter 
commercially what the H.P. or propulsive coefficient was in 
the two cases, because the one vessel might have to be larger 
or have different lines from the other; it was the coal which 
was of commercial importance. Equal economy could, how- 





ever, be obtained in other ways. One way would be to em- 
ploy the turbo-electric drive, that was to use a high-speed 
steam turbine to drive a dynamo supplying current to motors 
which drove the screw propellers. The economy so obtained, 
without the use of superheated steam, would, he anticipated, 
be practically the same as that obtained in the Otaki. He re- 
ferred to driving a vessel wholly—not partly—by electric 
transmission. Another way in which an equal, if not a better, 
economy could be obtained would be to retain the ordinary 
reciprocating direct drive and employ superheaters. In some 
boats engined at the Central Marine Engine Works, West 
Hartlepool, a considerably better economy than 13.7 pounds 
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of steam per I.H.P. was, he believed, obtained, although he 
had not the figures at hand. He did not wish to say that 
either of these methods of obtaining good economy was better 
than that employed in the Otaki; he only said that they de- 
served consideration. The recipro-turbine combination was 
not the only way of obtaining economy. Personally he con- 
sidered that for cargo vessels the turbo-electric drive was in- 
ferior to the recipro-turbine combination, firstly, because it 
would be more difficult to obtain engineers to properly look 
after the machinery, and, secondly, because the initial cost 
would be much greater. Regarding the particular installa- 
tion in the Otakt, Was the propelling machinery of the best 
design? Messrs. Denny deserved, he believed, great credit 
for the success they had achieved, seeing that they could 
derive no information from experience, but other engineers 
might have to design machinery for similar vessels and would 
want to know what was the best design. The Otaki was 
designed for a continuous sea speed of 12 knots. At 11.09 
knots the initial pressure in the turbine was, the author said, 
only 4.5 pounds per square inch absolute. A high efficiency 
could not be expected from the turbine under those conditions. 
The author said that, at full power the proportion of the total 
work done by the turbine was about one-third, while at low 
speeds the turbine was doing only a small proportion of the 
work. Would it not have been better if the reciprocating 
engines had been made smaller, and more work thrown on 
the turbine when steaming at 12 knots? Would greater econ- 
omy at 12 knots not have been obtained by so doing? The 
propulsive coefficient at speeds above 12 knots might have been 
slightly less than it was, but, on the other hand, the efficiency 
of the turbine, and probably also the mechanical efficiency of 
the reciprocating engines would have been greater than at 
present; and, moreover, economy would seem to be of more 
importance at 12 knots, the working speed. of the vessel, than 
at higher speeds. From the particulars given in the paper 
it would appear that at full power the effective efficiency of 
the turbine, or ratio of brake horsepower to available energy 
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in the steam, was about 56 per cent., and at 12 knots it 
would probably be considerably less. The vacua attained with 
the contraflo condenser with high sea temperature, as given 
in the table, were, he considered, very satisfactory. Mr. D. 
B. Morison had, he knew, made a special study of obtaining 
high vacua with high sea temperature. The vessel was said, 
however, to have been steaming at only about half power 
when the results were obtained, so that the condenser cooling 
surface would be about two square feet per I.H.P. In view 
of the desirability of keeping down the size of the condenser, 
which formed a considerable proportion of the total weight 
of the propelling machinery, it would be interesting to know 
what vacuum could be obtained at full power with a sea 
temperature of, say, 80 degrees, or even 75 degrees Fahren- 
heit. At full power the cooling surface would represent about 
one square foot per horsepower. Or it would be interesting 
to know how many square feet of cooling surface would be re- 
quired with condensing plant like the Ofaki's, in order to get 
a 28-inch vacuum with a sea temperature of 75 or 80 degrees. 
It would also be interesting to know if the condensers had 
suffered much from oil. In a vessel propelled by turbines 
only, and with an auxiliary condenser, there should be no oil 
admitted to the main condenser. Mr. Weir had raised the 
question of the efficiency of the Otaki’s condensers relatively 
to some other condensers. As an individual who had devoted 
some little time to condenser problems and who had no reason 
to support any particular type or make of condenser, he might 
say that, in his opinion, it was difficult to satisfactorily com- 
pare condensers, unless the conditions were exactly similar. 
He would certainly not express an opinion on the Otaki’s 
condensers relatively to others, without much more data than 
was given in the paper. The transmission of heat through the 
tube sides in a condenser was influenced by many factors. 
One of the most important was the quantity of air present in 
the steam. How much air got into the condensers of the 
Otaki he did not know, but it was obvious that the air leak- 
age conditions were very different in a vessel with a recipro- 




















TRIALS AND PERFORMANCES OF S. S O/74AAI. 1135 


turbine combination of machinery, to those in a vessel pro- 
pelled by turbines alone. 


Mr. A. F. Wuire considered that if one were to judge from 
the mass of literature published on turbines for marine pro- 
pulsion, one would think that the well-known reciprocating 
engine was on the eve of departure. It might be said that 
for the past 15 years and more the multiple-expansion engine 
had remained unaltered, and practically no advance beyond its 
size had been made in its design. Details such as pumps, 
packing, condensers, devices for relieving pressure on slide 
valves, and balancing of cranks, had effected an improvement 
in its working, but so far as concerned economy the engine of 
to-day was very little more economical than the engine of 
about 15 years ago. It might, therefore, be thought that so 
far as regarded economy the multiple-expansion engine had 
reached its limit. But had the multiple-expansion engine been 
developed to its utmost limit? It was well known that for 
higher pressures the turbine was not so economical as the re- 
ciprocating engine, but that for low pressures the rotary form 
of engine was more suited. It was, therefore, natural to sup- 
pose that a combination such as that so ably described by 
Engineer-Commander Wisnom was a movement in the right 
direction. ‘Towards the end of his paper the author said, 
“Two recent tank experiments with models of different types 
of ships may be mentioned. In one case the best results were 
obtained by putting a reduced proportion of the total power 
through the center screw, while in the other case the best re- 
sults were obtained by putting an increased proportion through 
the center screw.”” He would be pleased if Engineer-Com- 
mander Wisnom would enlarge upon that point, as it seemed 
to him to have a very important bearing on the question of 
whether more or less power should be put through the center 
screw. It appeared to him possible to get a higher efficiency, 
especially for ships steaming between 12 and 15 knots, by 
putting more power through the turbine, and making the cen- 
ter turbine to develop half the total power with high-speed 
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reciprocating engines on the wing shafts each developing one- 
fourth of the total horsepower. No doubt Engineer-Com- 
mander \Visnom had a great deal of information at his dis- 
posal, and he might see his way to supply it. They, as en- 
gineers, seemed disappointed, because they could not get their 
power applied in a similar manner for all classes of vessels. 
He thought that was a matter they should not strain after too 
much—for instance, taking a ship’s boat of heavy construc- 
tion, it would be best propelled by one man in the stern, using 
one oar with a screw action, but a light skiff would be pro- 
pelled faster by a pair of oars at the sides, so that it might 
be taken as correct and natural that for ships of varying 
speeds different means of propulsion should be employed. 
Therefore, he said, perhaps the time had not yet come when 
the reciprocating engine could be dismissed altogether. As re- 
garded its economy, it certainly was high time that engineers 
should take a step forward and make some effort to increase 
it, as the engine itself was eminently suitable for steamers of 
about 9 knots, which, after all, did the bulk of the country’s 
trade. A good deal had been heard about the economy of 
condensers and devices designed to get the vacuum down to 
its lowest limits. That reminded him of one having a turn 
for economy by trying to save the candle when it was nearing 
the socket. A beginning should be made at the other end. 
The economy to be derived from the use of superheated steam 
was too well known to talk about to an audience of engineers. 
They all knew that a two-cylinder compound engine using 
highly superheated steam of comparatively low pressure was 
as economical as a triple-expansion engine with higher pres- 
sure not superheated. Engineers know that, but when the 
shipowner realized that an economy of at least 10 per cent., 
and as much as 16 per cent. could be obtained by superheating, 
he would insist on its use, and his engineers would then set 
to work and make it successful. While no engineer on shore 
would dream of putting down a plant without making use of 
superheated steam, it was strange that in the whole of the 
British merchant service not one engine used highly super- 
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heated steam, although already largely in use in foreign- 
owned vessels. It might, therefore, be said that it behooved 
engineers to no longer ignore the advantages to be derived 
from the use of superheated steam, and to see whether a com- 
bination of reciprocating engines and turbines using highly 
superheated steam could not be combined in order to produce 
the highest possible economy. 


Mr. R. J. WALKER said he would like to associate himself 
with the previous speakers in expressing their indebtedness to 
ngineer-Commander Wisnom for having placed on record 
in such detail the results of the performances of the Otaki, 
and to Messrs. Denny and the New Zealand Shipping Com- 
pany, who had undoubtedly rendered a great service to the 
engineering world in allowing these results to be published. 
From the first introduction of the turbine in the mercantile 
marine, Messrs. Denny had been very closely associated with 
Mr. Parsons in its development, and the special facilities which 
that firm possessed, at Dumbarton, for obtaining scientific 
data, rendered Engineer-Commander Wisnom’s paper all the 
more valuable. The statements contained therein should go 
a long way to remove certain doubts which existed in the 
minds of many engineers, as to the practical advantage to be 
gained in the economy in coal consumption by the combined 
system. In the course of his experience he had found that, 
whilst almost all engineers admitted that theoretically a greater 
efficiency could be obtained by utilizing the exhaust steam of a 
reciprocating engine in a low-pressure turbine, than in the case 
of a good quadruple engine, there were many very doubtful 
as to the practical utilization of this increased steam efficiency. 
Questions such as the reduced efficiency of the screw, of the 
shaft on which the turbine was placed, the loss of efficiency 
due to wetness of the steam entering the low-pressure turbine, 
the difference in thermal units expended to obtain the higher 
vacuum essential to the turbine end of the combination as 
compared with that required with reciprocating engines, and 
many other such points had been put forward as factors 
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requiring consideration in estimating the probable ultimate 
gain. Notwithstanding these deductions, however, there was 
still a very large proportion of available energy left. He 
thought the manner in which Engineer-Commander Wisnom 
had tabulated the comparative results showed conclusively 
the actual difference in efficiency between the sister ships re- 
ferred to in the paper. He agreed with Engineer-Com- 
mander Wisnom that undoubtedly the most reliable comparison 
appeared to be one based on water consumption in relation to 
speed, as it eliminated all questions of relative efficiencies of 
propellers and other factors which he had already referred to. 
It was gratifying to note that on the basis of a given speed 
of vessel, the increased gain at full power was 17 per cent. 
in favor of the Otaki. ‘Turning to the service results of the 
Otaki, it was perhaps unfortunate for the purposes of the paper 
that the vessel was run below her designed sea speed on her 
first round voyage from Liverpool to New Zealand and back. 
Engineer-Commander Wisnom stated that the speed of 11 
knots represented about half full power, and a turbine de- 
signed for a pressure of 9 to 10 pounds absolute did not work 
under the most favorable conditions when running at half 
that pressure. He thought, however, even a gain of 8 per 
cent. of coal, under adverse circumstances, was well worth 
having, and he was confident that a greater gain would be 
obtained in the future when the vessel was run at her designed 
sea speed. Indeed, it was understood that the Otaki on her 
last voyage at a speed of 12 knots showed a further gain in 
coal economy. It might be of interest to refer to the results 
of the trials carried out by the Parsons’ Marine Steam Tur- 
bine Company, in conjunction with Messrs. A. Stephen & 
Sons, in Sir Christopher Furness’ yacht Emerald. In that 
vessel, which would no doubt be remembered as one of the 
first to be fitted with an all-turbine arrangement, certain 
modifications were made in the propelling machinery by in- 
troducing a reciprocating engine on the center shaft, in lieu 
of the high-pressure turbine, at the same time altering the 
blading arrangement of the low-pressure turbines. The ob- 
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ject of this modification was two-fold, firstly, to obtain a 
greater economy at cruising speeds, and secondly, to ascertain 
the possibilities of economy in coal consumption by the com- 
bination system of reciprocating and low-pressure turbines. 
Exhaustive trials were made towards the latter end of last 
year, during which the water consumption of the main engines 
was measured through tanks, and careful records were made 
of the powers developed on the respective shafts. Although 
there was no sister ship by which a direct comparison could 
be made, as in the case of the Otaki, the results confirmed the 
estimates given prior to the alteration. The shaft horsepowers 
developed by the low-pressure turbines at various initial pres- 
sures were as follows: With 11.6 pounds absolute pressure 
and a vacuum of 27.4 inches they developed 30 per cent. of 
the total power, the total power being the I.H.P. of the re- 
ciprocating engine plus the shaft horsepower of the turbines; 
with 10.6 pounds absolute pressure, and a vacuum of 27.4 
inches, they developed 28 per cent. of the total power; and 
with 7 pounds absolute pressure and a vacuum of 27.7 inches 
they developed 21 per cent. of the total power. He had no 
doubt that the results obtained in the vessels already fitted 
with the combination system, and the start thus made, would 
lead to a more extended use of the system in the future, for 
the class of vessel where the designed speed fell below the 
limit at which an all-turbine arrangement was not considered 
suitable at the present time. 


ENGINEER-COMMANDER WISNOM, in reply, said that he 
agreed with the opinion so well stated by Professor Weighton 
that the combination system could not be regarded as finality 
in marine propulsion for slow vessels. The various alterna- 
tives suggested for such vessels might show possibilities of 
great economy, but the point just at present seemed to be that 
these systems were only in the experimental stage, while the 
combination system had been tried practically. Regarding the 
condenser results, one peculiarity in the paper referred to by 
Mr. Weir was that the ship had two condensers, while only 
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one set of vacua and temperature figures was given. Mr. 
Weir appeared to have overlooked the fact that the ship had 
also two sets of reciprocating engines. In the tables the mean 
results only of pressure, etc., for the two sets of engines were 
given—it was not considered necessary for the purposes of 
this paper to give separate results for port and starboard en- 
gines, and the condensers were treated in the same manner. 
The two condensers were connected by the eduction pipes and 
the differences in results were unimportant. As stated in the 
paper, there was air leakage at the L.P. glands during the 
trials, and although there might have been opportunities to 
tighten up these glands, it was not considered advisable from 
the practical point of view to interfere with them. Concern- 
ing the table of condenser results on service, it was fully ad- 
mitted in the paper that these were based on sea-going obser- 
vations and no claim was made for their scientific accuracy. 
They were, however, believed to be substantially correct, and 
were simply inserted to show that the main object in the design 
of condensers—maintaining a high vacuum in tropical wa- 
ters—had been obtained. No attempt was made in the design 
to cut down the cooling surface to the lowest possible amount. 
The greater power in the Otaki, shown by the curve in Fig. 15, 
in comparison with her sister vessels was not entirely due to 
the difference in propulsive efficiency. It would be readily seen 
from Table III that the E.H.P. in the Otaki was slightly 
greater than in the sister vessels. The addition in length in 
this case did not tend to reduce the E.H.P., and the alteration 
of the stern necessary for three propellers appeared to increase 
it. Superheating could be applied to the combination system, 
thus obtaining the gain of superheating at the high-pressure 
end, in addition to the gain by the turbine at the low-pressure 
end. With respect to the best proportion of power for the 
center propeller, that was a very wide question into which 
he was not prepared to enter at present. Regarding Mr. 
Neilson’s remarks, it was hoped that the experience in the 
Otaki would lead to improved design of turbines for future 
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vessels. In conclusion, he desired to thank the various speak- 
ers for their complimentary remarks on the paper. 


Mr. WILLIAM Bovyp said that it was his pleasant duty to pro- 
pose a vote of thanks to Engineer-Commander Wisnom for 
the paper which he had read before the Joint Meeting, leading 
to such an interesting discussion as had taken place that day. 
There would be, no doubt, differences of opinion as to whether 
further economy could be achieved on the lines indicated in 
the paper that had just been read, but there could be no doubt 
that great thanks and great credit were due to Engineer-Com- 
mander Wisnom and those associated with him for the courage 
and ability with which they had put before the engineering 
world the results of their experience with regard to the fitting 
of this combination on board the Otaki. Whatever the lines 
on which the problem would be worked out in the future, there 
was no doubt that the information contained in the paper had 
conveyed a vast fund of matter for thought and consideration 
to all those who were interested in the great problem of 
economical marine propulsion. 


Sir BENJAMIN C. Browns said that he had great pleasure 
in seconding the vote of thanks to Engineer-Commander Wis- 
nom. ‘The consideration of the economy to be derived from 
the combination of reciprocating engines and turbines was one 
of the most important questions they could have before them. 
Of course, they were all suffering from a depression in trade, 
but he hoped that before long they would all be engaged. If 
ever that time came it would only come in one way, and that 
was by working harder to grasp every source of economy, and 
as long as they were true to themselves in working out this 
problem, then he had not much fear that they would prosper 
in the future as they had done in the past. Reference had 
been made by Mr. Boyd with regard to the great kindness that 
the visitors had met with in Glasgow and the way in which 
they had been received. His first visit to the city was about 
40 years ago, and since then he had always found the same 
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boundless hospitality. He had come in various disguises to 
Glasgow, in the capacity of a mechanical engineer, a naval 
architect, and he thought he had once come as a mining en- 
gineer, but there was always the same friendly hospitality and 
the same encouragement, and he always returned to the Tyne 
better and wiser. He had always carried back with him very 
happy recollections of Scottish hospitality. 

The vote was accorded by general approval. 

—‘ Trans. N. E. Coast Inst. Engineers and Shipbuilders.” 


Cuts showing arrangement of machinery on steamer Ofakz 
will be found on pages 104 and 105 of the February, 1910, 
number of the JOURNAL A. S. N. E. 























TEST OF A BABCOCK & WILCOX BOILER. 


REPORT OF TEST OF A BABCOCK & WILCOX 
BOILER FOR U. S. BATTLESHIPS 
WYOMING AND ARKANSAS, 


WITH NOTES BY 


LIEUTENANT COMMANDER H. C. DINGER, U. S. N., 
MEMBER, 





A Babcock & Wilcox boiler, representing the type pro- 
posed for installation on the battleships Wyoming and Ar- 
kansas, was tested by a Board of Naval Officers consisting of 
Commander C. W. Dyson and Lieutenant Commanders J. K. 
Robison and H. C. Dinger, U. S. N., on June 13 to 20, 1910. ° 

The contracts for the above vessels call for economy tests 
of one boiler of the type proposed before installation on the 
vessel. The test boiler is similar in all respects to those 
which will be installed on the vessels, except that it is half 
the width. The actual boilers for the vessels will have 119 
square feet of grate and 5,353 square feet heating surface, 
instead of 57.89 square feet of grate and 2,571.39 square feet 
of heating surface in the test boiler. 

The contract required four testsjof twenty-four hours each 
at successive rates of combustion of approximately fifteen, 
twenty-five, thirty-five, and not less than forty pounds of coal 
per square foot of grate surface per hour, beginning with the 
lowest and ending with the highest rate of combustion. 

Conditions of Tests.—The tests were required to be con- 
ducted continuously, except that a maximum time of two 
hours will be allowed for cleaning fires after each twenty-four- 
hour test before beginning the next twenty-four-hour test. 
The only cleaning of boiler tubes allowed was by the use of 
steam or air lances in the same manner as is customary in 
actual service; the fuel to be clean bituminous coal, and al- 
lowed to be hand-picked ; each test to be made at maximum 
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pressure of 210 pounds above the atmosphere, and the average 
air pressure in the fireroom at the highest rate of combustion 
not to exceed two inches of water. 

The equivalent evaporation from and at 212 degrees F. at 
the highest rate of combustion of not less than forty pounds 
per square foot of grate surface per hour was required to be 
not less than eleven pounds of water into dry steam per pound 
of combustible. 


These contract requirements were intended to represent 
actual service conditions as nearly as possible. The tests 
were arranged so that the effect due to accumulation of soot 
after several days’ steaming would be taken into account. 
Thus, the results of the test at 40 pounds per square foot of 
grate represent the performance of the boiler when called 
‘upon for full power after several days’ steaming. 


The following extracts are from the report of the Board, 
with some additional notes. The data given is from the 
Board’s report. 


General Arrangement.—The apparatus was arranged as 
follows : 

The boiler was erected in a sheet-iron structure, the gen- 
eral arrangement of which is shown in Plate I. The ar- 
rangements for supplying forced draft are also shown. The 
blower discharged at floor line at the back of the boiler, 
against a vertical baffle wall, which deflected the air upward. 

The main steam pipe connected to the steam main for 
power house, and by a bleeder valve to an atmospheric 
discharge, terminating in a three-branch muffler. Both dis- 
charges were controlled by stop valves with stems extending 
to fireroom floor. 

Feed Heater.—A Reilly feed heater was used, with a 
branch from the main steam pipe for supplying the necessary 
steam. ‘The pressure in feed-heater shell was regulated by a 
valve in the steam-supply pipe. This heater was tested for 
tightness before and after each test. 
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Steam Jet.—A pipe led from the main steam pipe to a jet 
in the smoke pipe, with a valve for regulating the amount of 
opening. 

Smoke Pipe.-—The smoke pipe was of sheet-steel, having 
19.63 square feet cross-sectional area, 100 feet in height above 
the grates. The location of smoke pipe with regard to up- 
takes is shown on sheet 1. 

Calibrated thermometers were placed in the feed pipe as 
close to the boiler-feed stop valves as possible. Two nitrogen- 
filled thermometers were located in the uptakes for obtaining 
the temperature of the escaping gases. A thermometer for 
obtaining temperature of the outside air, and an aneroid ba- 
rometer for indicating atmospheric pressure were hung outside 
of the testing room. 

The draft pressures were taken through tubes inserted in 
the lowest dusting door of the first gas passage and in the 
highest dusting door of the last passage, the air pressure in 
compartment being measured by an air gauge hung on the 
bulkhead of the compartment. 

Gas Analysis.—An Orsatt apparatus for making analyses 
of the furnace gases was located in a small compartment ad- 
jacent to the test room. The gas samples were taken from 
the uptake by means of a }-inch pipe leading to the gas-an- 
alys's apparatus. Samples of gas for analysis were taken at 
frequent intervals, and from the results of these analyses 
curves were plotted, as shown on sheets 2-7. 

The tests clearly show the advantage attending the use of 
apparatus for gas analysis as an aid to efficient firing. When 
each sample was analyzed the result was marked up on a slate 
in the boiler compartment. Any particularly faulty condi- 
tion as to air supply, clinker on grates, thick fires or holes in 
fires, was thus indicated and could be corrected. The curves 
show that the general average for percentage of CO, and CO 
is extremely good and indicate the practical possibilities of 
careful and scientific firing. 

Method of Weighing Coal and Ashes.—A platform scale for 
weighing was situated in the airlock. The coal was weighed 
in barrows, the weight of empty barrows being carefully 
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checked at intervals. Each barrow was carefully balanced 
with a load of 200 pounds of coal. The weighing was all 
performed in the air lock. No inconvenience by reason of the 
boiler room being under pressure was experienced. At the 
end of each hour the floor was swept up and estimate of coal 
on floor made. 

Method of Weighing and Pumping Water.—The arrange 
ments for weighing water consisted of a rectangular feed tank 
on top of which were located two weighing tanks mounted on 
platform scales. The scales were tested before and during 
tests, and weights of empty tanks were checked at intervals. 
The water was led from the city main to each weighing tank, 
where, after being weighed, the tank was dumped into the 
feed tank. The feed tank was calibrated and fitted with a 
gauge glass so that the water could be checked at any time. 

The boiler-feed pumps had a suction and an overflow pipe 
to the feed tank, and discharged through feed-water heater to 
the main feed valve on boiler. A steam gauge and water 
gauge, indicating steam pressure and water level in boiler, 
were located at the pump, thus assisting in pump regulation 
and in maintaining a constant feed supply. At the end of 
each hour the actual amount of water was checked up. 

Quality of Steam—For observing the quality of the steam 
generated a Barrus throttling calorimeter was fitted on a 
branch from the main steam pipe at a point about 18 inches 
from the steam drum. The collecting nozzle was of standard 
pattern. The calorimeter was calibrated before the tests by 
taking readings with the pressure both rising and falling, 
with no steam leaving the boiler except through the calori- 
meter. From these standard readings the ainount of moist- 
ure was calculated by the formula 


=- 48 ( > Ee t) * 100, 


Q 
in which Q = per cent. of moisture, 7 = calibration reading 
of the lower thermometer, ¢ = test reading of the lower ther- 
mometer, Z = latent heat of the steam at the boiler pressure. 
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Motsture in Coal.—Samples of coal were taken for each 
test, preserved in airtight jars, and from these the moisture in 
the coal was determined by laboratory test. 

Condition of Fires and Ash Pans at Beginning and End 
of Tests.—The depth of fires was judged by a member of the 
Board at the start and at the end of each test, the fires having 
been brought to similar conditions at the beginning and the 
end of each test. 

Ash pans were clean at the beginning of each test, and 
were cleaned at the end of the test. Water was used very 
sparingly in the ash pan, but was always used at the times 
that fires were cleaned. Fires were cleaned on each of the 
twenty-four-hour tests shortly before the end of test in order 
to enable them to be brought as nearly as possible to the 
same condition as at the beginning. 

The Tests.—Six test runs were made, the first four being 
those required by the contracts for the Wyoming and Arkan- 
sas, at rates of combustion of 15, 25, 35 and 40 pounds of 
coal, respectively, per square foot of grate, each test being for 
twenty-four honrs. 

The fifth test was a test for the maximum capacity of the 
boiler, and continued for three hours. 

The sixth test was made at the rate of about 45 pounds 
per square foot of grate per hour, to determine the effect of 
lowering the back end of grate six inches below the position 
in the previous tests. 

Coal.—The coal was hand-picked Pocahontas of excellent 
quality. It burned freely and clinkered very little. The 
coal used on all the tests was from the same lot. 

Firemen employed.—The firemen employed were ordinary 
marine firemen picked up on the Hoboken docks for the time 
being, and were given no special training for the tests or for 
this particular type of boiler. Several firemen were discharged 
for drunkenness and others taken on during the tests. One 
water tender, two firemen and two coal passers were on duty 
in each shift. 

The operation of the boilers and of the firing was supervised 
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by the Company’s engineers, who stood watches in three shifts 
of eight hours each. 

The excellent evaporative results obtained indicate the 
high efficiency possible with the ordinary run of firemen, if 
properly supervised and directed. This supervision provided 
for careful and regular firing, keeping fires level and not over 
eight inches thick, with proper use of the slice bar and level- 
ing hoe. Special attention was paid to making all the boiler 
casings airtight. 

Methods of Starting and Stopping Tests.—In the first test 
the alternate method of starting and stopping the test was 
employed. In the second and all succeeding tests the flying 
start was employed, it being much more satisfactory under 
the conditions required by the contract than either the stand- 
ard or the alternate methods. 

Gas analyses were taken by one of the Company’s engi- 
neers, closely observed by members of the Board. All other 
data were taken simultaneously by representatives of the 
Company and by one member of the Board and the assistants 
to the Board. 

Test No. 1.—At 15 pounds per square foot of grate per 
hour. 

Begun at 6:08 P. M., June 13; finished at 6:08 P. M., June 
14, IQIO. 

Weather during the test, warm and clear. 

The blower was not run, the compartment was open, and 
the steam jet closed. 

The evaporation from and at 212 degrees F. per pound 
combustible was 12.15. 

Test No. 2.—At 25 pounds per square foot of grate per 
hour. 

Begur at 8:30 P. M., June 14; finished at 8:30 P. M., June 
15, 1910. 

The steam jet was partly open. The forced-draft blower 
was used to ventilate the fireroom, but the compartment was 
not closed. 

Weather during the test was warm and clear, slightly 
cloudy at the end of the test. 
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The evaporation from and at 212 degrees F. per pound of 
combustible was 12.07. 

Test No. 3.—At 35 pounds per square foot of grate per hour. 

Test begun at 10:25 P. M., June 15; finished at 10:25 P. M., 
June 16, Ig10. 

The steam jet was partly open. The forced-draft blower 
was in operation and the compartment closed. 

Weather during test, cloudy and rainy. 

Rate of evaporation from and at 212 degrees F. per pound 
of combustible was 11.77. 

Test No. 4.—At 40 pounds per square foot of grate per 
hour. 

Test begun at 11:30 P. M., June 16; finished at 11:30 P. M., 
June 17, IgI0. 

The steam jet was partly open. ‘The forced-draft blower 
was in operation and the compartment closed. 

Weather during the test, rainy during the first twelve hours, 
clear the last twelve hours. 

The evaporation from and at 212 degrees F. per pound of 
combustible was 11.89. 

Test No. 5.—At maximum capacity. 

This test was conducted on June 18, 1910. 

The fires were lighted with the boiler in following condi- 
tion: 

Temperature of water in boiler, 102 degrees ; water level in 
glass, 1} inches; furnaces primed. 

Lighted fires at 9:04 A. M. 

Steam formed at 9:12 A. M. 

Steam pressure 50 pounds, 9 h., 16 m., 30 s., A. M. 

Steam pressure 100 pounds, 9 h., 18 m., A. M. 

Steam pressure 150 pounds, 9 h., 18 m., 55 s., A. M. 

Steam pressure 200 pouncs, 9 h., 19 m., 45 s., A. M. 

Steam at 200 pounds in 15 m. 45 s. 

The test began at 9:38 A. M., and ended at 12:38 P. M. 

The steam jet was wide open. The forced-draft blower 
was in operation, and the compartment was closed. 
At the end of this test the fires were hauled and boiler 
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carefully examined. There were no signs of any leaks and 
no distortion of any kind, either in tubes, baffles or casing, 
was noticed. 

The weather during the test was clear. 

The evaporation from and at 212 degrees F. per pound of 
combustible was 10.33. 

Test No. 6.—At rate of 45 pounds per square foot of grate 
per hour, with the back end of grate lowered six inches be- 
low the level at which it was carried during the previous 
tests. 

Test begun at 10:00 A. M., June 20; finished at 4:00 P. M., 
the same day. 

The weather during the test was clear. 

The evaporation from and at 212 degrees F. per pound of 
combustible was 11.30. 

The tabulated data of the different test runs are shown on 
forms attached, and the curves of evaporation plotted from 
these results are shown on sheet 8. 

The heat balance is shown on sheet 9. 

The curve of rate of evaporation appears to show that there 
is a very small falling off in efficiency until a consumption of 
about 45 pounds of coal per square foot of grate per hour is 
reached, and that the boiler is almost as efficient at high rates 
of combustion as at moderate rates under natural draft. 
This is a highly gratifying result and indicates that the sys- 
tem of baffling is very efficient. 

The difference in evaporative results, with the original 
grate and with the back of grate lowered, is insufficient for 
determining whether there-is any actual advantage or disad- 
vantage due to the lowering of the grates, when coal alone is 
used for fuel. 

The Board reports that the sample boiler tested, represent- 
ing the type of boiler to be supplied for use on board the 
U. S. S. Arkansas and the U. S. S. Wyoming, has fully met 
all requirements of the contract as to evaporative efficiency, 
and recommends the approval of this type of boiler for gen- 
eral use in the naval service. 

















& WILCOX BOILER. 





TEST OF A BABCOCK 
REMARKS. 


The firemen, while completely unskilled, so far as test 
boiler firing was concerned, soon became very much inter- 
ested in the results of the gas analyses, and realized the value 
of so firing as to maintain as high a percentage of CO, as 
possible. This interest manifested itself very early in the 
tests, in the decreased density of the smoke escaping from the 
stack. 

Particular attention is called to the excellent results ob- 
tained with this boiler under the maximum rate of combus- 
tion obtained, which slightly exceeded seventy (70) pounds 
of coal per square foot of grate per hour. The boiler under 
this condition steamed very freely, with no appreciable in- 
crease in the wetness of the steam, while the falling off in 
efficiency under all test conditions, from the lowest rate of 
combustion to the highest, was small and very regular. 

After the completion of the tests the boiler was opened, 
cleaned and thoroughly inspected for deterioration. Not a 
tube showed any signs of distortion, all tubes and headers 
were perfectly free from blistering, and all baffles were still 
properly placed. This result would seem to indicate that 
when a boiler of this type is clean, free from scale, and built 
of proper material it is perfectly safe under all regular rates 
of combustion, up to the highest rate to which it was sub- 
jected in these tests. This finding, necessarily, supposes 
intelligent supervision and proper regulation of feed water 
during such rates of combustion. 





Description and Dimensions of Boiler and Appurtenances. 


SEN CE GRE RIE care saciacntecistenimcadaneaicecntianties teemniin 0-42 
Length of drum, feet and inches ...........0.-ceccesssscccssssescscccesseees 10-03% 
Tubes, number, 560; outside diameter, inches...................00000 0-02 
length, feet and inches................0.ssseesee- 8-02 

SD incndc-ctivennad, sedertbatoned: seisassguoes No. to B.W.G. 

16; outside diameter, inches............. ssanuhceuems 0-04 

length, feet and inches... ...........00.000 8-02 


SII Sicdcentesecie tasebtsisocduice ese 6 B.W.G 
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Tubes, number, 16; outside diameter, inches......................++- 0-04 
length, feet and inches.............c-ceeseecesees 6-04 
CRINIID 5 cic satorercereccoveeses . .-No. 6 B.W.G. 
Parnace, Kitid Of....ccccccccccevnes "cassia, full width of boiler. 
length, average, iat walt ihe canecodsdbebondpesomncbosegecine 7-05 
UE; GORE SID se sis 9 hk.n.00005 oscocescsenns <asensssneasocsse 8-03} 
height, average, feet and inches.................s-sscocessoeses 3-01 
ED BUN PN I iisds cone 0 ange oseresicantddsnssosesansenthiinders 7-00 
I as cndi'c.acudbonta pabebescendhecdsaseabacsdiuadeans 8-034 
BVOS, SGUSTS Leet ..000...000.c0esrcssoncccccssssoaesovessessvee 57.89 


Heating surface, area, square feet.........c00-..cseceserecereesecesseseveees #2, 7. 39 
I DP IIE cencisccenccsdccsesesscsescsssccnsnscgsecscate Qi 2 


Chain Dee, TA CAIN ccseicc den sccccsccccerecssancones U. S, Navy Standard ie 
width of air spaces, a ad a 0-004 
ratio of grate to aif SPace.............c.ccccrccccesecccscssccese Bt 437 
Smoke pipe, area, square feet..............screccsccoccccce sooecercccoveseose 19.63 
NE As tndah dees erases scsaccses aancoeneks sanbeeniiaacaies 100-00 
TI OE a vo ccicnsscvccces scars sei cccusscensavcecvecedtovetes I : 2.94 
Water GRADE, CUOIS BICNOR oes cescenivnsccees seccpersescnsssenstensesevecesese 301,561.0 
Steam space, cubic inches.. on ceseavecs 102, 009.0 
Weight of boiler and all ittngs except uptakes and emoke pipe : 
Without water, pounds... posed coevanseveniecece teabessareeksiqsabiesess eae 
Water, pounds...... Siicoitddanebsidtboadocddiationedpaeaisdabnnekedashtnatenicekee 11,000,0 
Total with water, pounds. ...........s000-s+sseeeees hcidabenroteapabiterae 69,900.0 
Total weight per square foot of grate surface, pounds. ..........+++ . ons 
heating surface, pounds............ 25-4 
Blower enepines, Wied si. .ci.s0icccccosecsccsence voocessceescoscoss Simple, single-cylinder. 
dimensions of cylinders, inches.. ..........se0se0. LO 10 
| SEE Er ene ee NN CO ee et, Seen RL Eas Sirocco. 
I A SE III oc kcnnconisrcnacoccccnesobnasdavtuste 4-02 
UU, TOE BIE TCO oo cose 0c0kedees cccccecces esvitiwis bddabee 2-05 
Area of blower inlet, square imches.........sscscecseccesesseeseressneeeeers 1,164.15 
Omelet, SENATE INCHED. .000.006050.000 ccccer cecscssescee vecces 1,590.43 
TEOOG WAOOOE, BG cin ccarc cove nceccscesoess s:00ccsocescocesccocessvosesosncosasseses Reilly. 
RUNNIN, Bi cocesessesescdecin scones bescvebeeseeccscotocs Two Worthington Duplex 
dimensions of evtindere, SISTING asin ccs enseteiodiccivensdena 10 X 6 X Io, 





* The heating surface given is that exposed to radiant heat and to direct impact of the gases and 
does not include such parts of tube or other surfaces as are covered by brick work. 
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NUMBER OF TEST 


1. Date of test... ... 
2. Duration of test... hrs. 
3. Kind of fuel..-.. 
4. Kind of start 
5. State of weather 
AVERAGE PRESSURES. 
6. Barometer ins 
7. Steam pressure by gauge..... lbs 
8. Force of draft at — of piges —ins. 
of water,gage reading, ..drd. Pass 
9. Force of draft in furnace—ins. of 
water, gage reading... .let..Pass 
10. Force of draft in ash pit—ins. of 
water....... 
11. Revolutions of blower.... 
AVERAGE TEMPERATURES. 
19. External air..... ..... degrees F. 
13. Fireroom ee 
14. Steam do 
15. Feed water entering heater do. 
16. Feed water entering economizer. .do 
17. Feed water entering boiler.....do 
18. Air entering ash pit............ do 
19. Escaping gases from boiler do 
20. Escaping gases from economizer .do 
FUEL. 
21. Kind of 
22. Weight of wood used in lighting 
fires . »8 
23. Weight of coal as fired* lbs 
24. Moisture in coal.. per cent 
25. Weight of dry coal consumed ...... Ibs. 
26. Weight of ash and refuse Ibs 
27. Weight of combustible consumed. . . Ibs 
28. Per cent of refuse in dry coal 
FUEL PER HOUR. 
29. Coal consumed per hour.......... Ibs. 
30. Dry coal consumed per hour, . Ibs 
31. Combustible,consumed per hour. .. .Ibs 
32. Coal consumed per hour per sq. ft 
Ch DB antace Pome lbs 
33: Dry coal consumed per hour per sq. 
ft. 8. Ibs 
44. © ombustible consumed ase hour pe r 
»q. ft. 8.. .- lbs. 











* Incladiog equiveleat of woot used in lighting Area 
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ee 3 a 6 
Raa "“islJune “ethane trl buane 16 jJune 20| 
ee 245 | 24 | 24 | 3 bl 
Poclahonta shoo pickedjexce lent 
Alternate Flying Flyin lying Flying Flying | 
| Clear ™Elokdy| Rainy Pst Clear.| Glear.. | 
| | 
30.06 | 2991 | 2990. | 29.63. | 29,62 | 29.82 
202.0 | 2014 | 202.6..| 201.6 | 200.4 \200.6 
Bh} 94) AM deer | 22 | 2.06. | 
|. .46..| 15 | toa. |.4.20. | 92 
o.} 0} nt | 198..} 300.).178. | 
| | | | 
en | | 
ez. | 7. |.67 | 69. | e4. | 90, | 
93.7. |. 976 94, 106. dd, 
388.3 | sea a 308.7. | 388.2 | 387.7 . | 387.9 
| wee 
211.6 | 2114 | 2078 | 204.1 | 194.4. | 200.9 | 
937 | 976 | 66. | 94. | 106. | un. | 
491. | 545. | coz. |eze | 659. | 604. 
| } | | 
| 
Foy | | 
| 
21200 | 35180 | 49300 | 57700 | 12200 |15218 
88 | 4 | .%8 | 106 | 75 | 75 | 
21013 | 34820 | |ae0a5 57086 | 12108 | 15104 | 
i261 | 1338 | | 1607 | 2477 }.1035 | 743. | 
19752 |33802 | |47328 54611 |11073 14361 | 
6.00 | 3.83 3.28 | 4.34 | 686 4.92 | 
ea | | 
88! 1436 | 2054 | 2404 | 4066 |2536 
813 1425 | 2038 2379 |4036 2517 | 
821 137) | 1972 2275 13691 | 2393 
15.22 | eae | 35.48 | 41.53 | 70.24 | 43.61 | 
15.08 | 2462'| 3822 | gis0 | 6972 43.48 | 
14.18 | 2268 | 34.07 | 39.30 | 63.77 | 41.34 | 
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Equivalent water pe yg into 
dry steam from and at 212° (42 
by 43) 

WATER PER HOUR. 


Water evaporated per hour, cor 
rected for quality of steam. . 


Equi valentev esacenes fron: and at 
212 


. Equivalent evaporation from and at 


212° per sq. ft.G. 8..6 


48. Same per sq. ft. of heating surface 
ECONOMIC RESULTS. 

49. Water apparently evaporated under 
actual conditions pér lb. of coal 
as fired (41 + 23) ; , 

: 50. Apparent equivalent evaporation 
‘ from and at 212° per lb. of coal 
(including moisture) 44 +23. 

51. Equivalent evaporation from and at 
212° per Ib. of dry coal (44+ 25) 

j 52. Equivalent evaporation from and at 

: 212° per Ib. of combustible (44 

} a7) 

: EFFICIENCY 

: 53. Efficiency of boiler; heat absorbed 
by the boiler per lb. of combus 
tible divided by the heat value of 
onelb.of combustible. (See Sheet 
No.#) 

64. Efficiency of boiler, including grate; 
heat absurbed by the boiler per Ib 
of dry coal, divided by the heat 

, value of one lb. of dry coal. (See 
| Sheet No. 6) 
: REMARKS AND OBSERVATIONS 

55. Principal data taken every 

66. Percentage of smoke as observed 

57. Method of observing same : 

58. Kind of firing (spreading, alternate, 
or coking) ° 

59. Average thickness of fires 

60. Average intervals between firings 
for eac during time fires 
were in normal condition 

} 61. Ave interval between times of 
/ breaking up. ‘ : 
; 62. Efficiency of firemen; expert, aver- 


“ee, or poor 
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Ibs 


Ibs 


lbs 


Ibs 


Ibs 


lbs 


lbs 


Ibs 


Ibs 








| | } 
| | 
239956 | 405298 556387 | 649460.| 113853 |1ez323 


9480 | 18725 |21978 |25530 | 85501 
9974 | 16543 | 23208 ‘ane | 37951 
72, | 286 | 401..| 468. | 656 
388 | 643 | 9.03 | 10.52 | 14.76 
| | 
| eee ee 
10.76 | 10.95 | 10.71 10.64 | 6.17 | 10.09 
| 1.32 | sns2 | 30 | 26 | 937 
11.42 | Het. | 1138 1.38 | 245 
| 12.15 12.07 11.77 11.69 10.33 
} 
| 
ee Oe 
(14.394. |13.954e |12.06%46|12.80%- |63254- 
| | | | | 
12.50*s | | +t. |60.00%f« 
| Hof * Se 
| 
| 
Spreading; firds \evel,| doors |fired in 
6-7 6-8 q-10 -10 1B-14 
NP hme A at start 
3min. | 3min_ {24 min hag | atand 
As required “ 
Average... marine firemen leaicui 











! | 
NUMBER OF TEST | a 
Coal per hour per sq. ft. H. 8 Ibs. - 345 ‘559 | -799 
. Dry coal per hour per sq. ft. H.S.._.Ibs. | -340 554 | -793 
Combustibles per hour per sq. ft. 
H. 8 ye ec Ip Ibs | 319 533 767 
QUALITY OF STEAM. | 
Per cent of moisture in steam .. |} @ Oo | - 086 
| 
| 
. Degrees of superheatin, | | 
| 
Quality of steam (dry steam = 100)... 100. 100 | 99.914 
WATER. | 
Total weight of water fed to 
boiler® Ibs. [228095 |385264 |527904 
Water actually evaporated, cor- | 
rected for quality of steam (40 | 
by 41) Ibs. [228095 |385264 |527450 
| | 
Factor of evaporation. ...... | 1.052 1.052 | 1056 





| 


} 








corrected tor taaguallty of water level and ctvam preasece ot beginning ond ond of test. 
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-935 
-925 
885 


A772 


99.028 


613754 


612698 


1.060 





1.581 
1.569 


1.435 


-430 


39.57. 


106964 


106504 
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FUEL AND GAS ANALYSES. 


PROXIMATE ANALYSIS OF FUEL. 


| Pweent. | Parcomt 
Fixed carbon 2 : | Is26 


Volatile matter 


20.27 21.00 
| 
| 











Moisture : viv2ecas deco 
Ash wa " . : [....9-6) . | 
Total | 100.00 100.00 
Sulphur separately determined: Sbslakatin bun che aoe - ‘Th 1s 
ULTIMATE ANALYSIS OF DRY FUEL. ; 
Coal. —_| Combustible. 
| Per cont | Per cont 
Carbon (C)......... : vec cceseeeeefeen BRGL..|...90.87 
Hydrogen (H) | 48 4.91 
Oxygen (O) akin ire - 245 2.85 
Nitrogen (N) : sShoaeece 92 9S 
Sulphur (S) aS a 
Ash ga ’ : 3.38 
100.00 100.00 
Moisture in sample of fuel as received 
ANALYSIS OF ASH AND REFUSE. 
| 1 ie cn ee s é 
| | | Per cent 
Fee pre 
Garban Combustible | 31.93. | 57.52... 57.48 | 60.99 | 70.72. | -70.72 
Earthy matter | 68.0] | 4248 | 52 | 39.01,| 2926 | 29.26 


CALORIFIC VALUE OF FUEL. 


Kind of calorimeter used.. 


Calorific value by calorimeter, per pound of dry coal... abie Mean j5273 B. T. U 
Calorific value by calorimeter, per pound of combustible = : — 15838 Do. 
Calorific value by analysis, per pound of dry coal oe snesse se Do. 











Calorific value by analysis, per pound of combustible .............---..2.-22+ce0e-ee- es 
ANALYSES OF DRY GASES. 
| ! : 3 4 7 i rem. 
; | | 
Carbon dioxide (CO,) 13.2 | 13.6 29 | 13.6 16 | 12.7 
Oxygen (0) idivecehcak 42.) 47 45 3.9 $.07.|_ 3.0 
Carbon monoxide (CO)...... }-..98 | 0.4 0.8 2.8 1.09.| 0-9 
Hydrogen and hydrocarbons - | 
Nitrogen (N) (by difference) . ciea 82J | 61,3 82) BLT 62.24 |_034. 
pierre eS Marte SMe Bin 2 
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Plate VI.—TexstT No. 5. 











Plate VII.—Txrst No. 6. 





TEST OF A BABCOCK & WILCOX BOILER. 





. 
. 
=| 
? 
4 
. 
¢ 
- 
A 
. 











ng 
ia 
s 
° 
a 
* 
° 
i} 
E 
a 


BABCOCK 


TEST OF A 


‘HONVIVG LVHH—X] 938Id 





OL EL 


OF ZZ 


uaa sed 220uINg pue soji0g Jo A2ua121447 





SC EL 


CF eZ 


yue2 sad sajiog yo houatrtsf7 








‘wagiusnguo® yo punod sad anjOA 3141410/09 





oe? 


248 ‘UolOIpes o4 WO uw eanysiow bul 
4004 of “24a Uaboiphy paumsuosun of anp sse7 





197 


‘wogso> 40 
UOWSNGUOD 249/Aus0DuUI ayy 04 BNP S07 





2 2/ 


sesob hauwiyo 
hip ayy Ut heme pelsso> yoay % anp seo07 





veer 


uebosphy 4o 
Suing ay4 Ad paussoy aingsiou of anp sso7 





90 


Je°c> we asngsiouw of anp SsoT 





AIsesnquor 4o 
punod sad sajiog 244 hg Pagsosge joo 























AGUHSNIUOD JO @eNjOd Byls0jOD yo 4UaD> sad 
“Ww 40 VLG Ul SasSsSO/ PUO UOHAIOSGO 4004 





wogse2 yo punod sad seb hip yo spunoy 











& 








Z 








¥SAL §O saqgMny 








Buiwohy pue 


SOSUOYIY SSP) 40 S4A/ICT MDG sO S459 





‘o/e/ 


“OZ OF E/ 


aun 





S4SOL 


4e#lI0g M2xg 492YUS P@2uUB/EOg 4024 





























1164 CONDENSING INSTALLATIONS ON SEA-GOING VESSELS. 


THE IMPROVEMENT IN DESIGN OF CONDENSING 
INSTALLATIONS ON BOARD OF 
SEA-GOING VESSELS. 


By HANS VOGEL, STETTIN. 


Translated by WM. WACHSMANN, Associate. 


Continued from Vol. XXII, No. 1, February, Igto.) 
y, 19 


IIIL.—THE CIRCULATING PUMP. 


On nearly all ships the circulating pump serves a double 
purpose ; it isa circulating pump, drawing water from the sea, 
and it also serves as a bilge pump, drawing water from the 
bilge. The condenser circulating pump in a modern marine 
installation should be designed having the following points 
in view : 

(1) Maximum economy of steam consumption. 

(2) Greatest possible efficiency at various speeds. 

(3) Compactness, so as to have the smallest possible weight 
and occupy the least space. 

(4) Simplicity and safety in operation. 

(5) Reduction in the attendance required for safe operation. 

(6) Lowest cost. 

(7) On account of the great sensitiveness of a condenser 
during the admission of air a continuous stream of water, if 
practicable, must be produced to prevent the tubes becoming 
leaky through shockwise admission of water. 

From these considerations we may reasonably enter upon 
the question, How must the best all-around pump be de- 
signed ? 

(1) To obtain the smallest possible dimensions a high 
velocity of flow must be chosen. This velocity, however, is 
again dependent on the peripheral velocity. But most losses 
increase rapidly with the augmentation of the peripheral 
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velocity, and, though it is common to go as high as 164 feet 
per second with the peripheral velocity in stationary installa- 
tions, a suitable value for economical marine-engine operation 
would be 32.8 to 49.2 feet per second (see example further on). 

(2) The velocity in the suction and delivery pipes may be 
increased to 18 feet’ per second. 

(3) The number of revolutions of the circulating engine 
should be as high as possible. Here, however, a distinction 
must be made whether we have to deal with a steam engine 
that is only temporarily subject to a heavy load, as in torpedo 
vessels, or with an engine running under such a load for days 
at a time, as in battleships or express steamers. 

(4) It is best to make hub of the impeller of bronze and 
rivet the blades on. 

(5) The circumference of the pump casing should be made 
to conform to a curve similar to the spiral of Archimedes, and 
proportioned in such manner that the absolute exit velocity 
of discharge will be in harmony with the cross-sectional areas 
and quantities of water. 

(6) The pump casing itself should be made as smooth as 
possible on the inside, by grinding or coating with asphaltum. 

(7) The water velocity arising in the spiral must be brought 
up to the velocity in the delivery pipe through a gradually 
increasing section of nozzle. 


IV.—THE CONDENSER. 


The total pressure A, of air and vapor contained in a con- 
denser is generally composed of two parts : 

(1) The pressure / of the air present in the condenser, in 
pounds per square inch, and 

(2) The pressure d@ of the steam present, in pounds per 
square inch; so that the following relation will always hold, 


p.=l+d. 

The problem for a good condenser is to produce the smallest 
possible pressure in order to have for turbines a very large 
drop in pressure for utilization. It is further desirable that 
76 
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the mixture to be drawn off should have the lowest possible 
temperature and consequently possess a small volume so that 
the air pumps can be kept as small as practicable. For sea- 
going vessels there is nearly always available an unlimited 
quantity of circulating water which, in a well-designed con- 
denser, can be conveyed through the same at a proportionally 
small expenditure of power. 

A modern marine condenser should be governed by the 
following conditions : 

(1) The condenser should possess the least possible weight - 
hence, the importance of attaining the highest practicable 
efficiency of the cooling surfaces. 

(2) The condenser should cause the smallest possible ex. 
pense. If practicable, a cylindrical form of ample length 
should be used, so that proportionally few tubes and screw 
glands are required; at the same time the danger of leaky 
tubes is therewith reduced. 

(3) The inlet for the steam should be, if possible, near the 
top, so that in descending the steam will be compelled to find 
its way around numerous tubes. The suction pipe for the 
wet-air pump should be suitably arranged near the lowest 
point of the condenser. The best location of suction pipe 
for the dry-air pump is near and somewhat below the center 
of the condenser. It would be an advantage, however, to 
make provision for two suction pipes instead of one, located 
opposite to one another and joined together in a common pipe. 

(4) The flow of the cooling water through the condenser 
should occur in such a manner that, in all cases, it will enter 
cold at the bottom and leave hot at the top. The most in- 
tensive cooling action and the lowest temperature of the mix- 
ture to be drawn off will thus be obtained. 

(5) The condenser should receive few connections, so that 
there will be few flanges to be kept tight in order to prevent 
leakage of air. It is recommended that provision be made 
for valve chests having a common connection with the con- 
denser, instead of individual valves. All cock connections 
with the condenser should be fitted with stuffing boxes. For 
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the drain connections of the main and auxiliary machinery 
and piping, as well as the exhaust connections of the indi- 
vidual auxiliaries, baffle plates should be fitted in the con- 
denser for the protection of the tubes. The latter connections 
are most suitably arranged quite near the top of the con- 
denser, in case no water pockets are formed in the drain con- 
nections, so that the steam and hot water, respectively, will 
be compelled to cool off well before the mixture of condensa- 
tion flows towards the air pump. At the same time, by so 
doing a kind of cooling tower is produced that in return acts 
advantageously on the air, which is very difficult to cool off. 

The baffle plates above mentioned are usually made of flat 
plates perforated with holes. The net area of the holes is 
from 1.2 to 2 times the area of the pipe. 

It is recommended, especially in suction piping from con- 
densers, to make the net area of the holes still larger. In no 
case should the diameter be less than .196 inch. It is best 
to make the shape of the baffle plates, as shown in Figs. 19 
and 20, if this shape can be adapted to the work. 











Fig. 19. Fig. 20. 


The size of the condenser is based on the proposition that 
the heat withdrawn from the steam must be equal to the heat 
transferred to the cooling water. 

Let 4, be the temperature of the cooling water at the inlet 
and ¢, that of the temperature at the outlet, both in degrees 
C. If, further, z kilograms of cooling water (specific quantity 
of cooling water) are necessary to condense 1 kilogram of 
steam, and if 7 is the heat rejected by 1 kilogram of steam, 
then the following formula will hold good, 


r=n(t, — 4%), 
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where 7 is expressed in heat units of the metric system. 

Since in most cases the pressure of the condenser is as- 
sumed, the heat contained in the steam to be condensed may 
be regarded as given. The maximum temperature 4, of the 
cooling water for this latitude may be taken at 15 degrees 
centigrade (59 degrees Fahrenheit). Therefore, for a given 
specific quantity of cooling water (z = about 40 to 50), the 
temperature at the discharge outlet can be determined. 

For a temperature 15 degrees centigrade (59 degrees Fahr- 
enheit), for the cooling water at the inlet the theoretical ob- 
tainable pressure would be about 0.032 atmosphere absolute 
(0.928 inch of mercury). 

The size of the condenser surface follows from the following 


formula: 
t, | a 


In this formula— 

W represents the total heat to be withdrawn from the steam 
in H.U., 

F the cooling surface in square meters, 

K the coefficient of heat transmission per square meter per 
hour and 1 degree centigrade difference in temperature, 

t, the corresponding temperature of the steam in degrees 
centigrade of the required vacuum, 

¢, and ¢, the temperature of the cooling water at the inlet 
and outlet, respectively, in degrees centigrade. 

The terms on the right-hand side of the latter equation are 
all known or can be easily ascertained from what has been 
previously stated, with the exception of the coefficient of heat 
transmission &. On this coefficient experiments were made 
by Messrs. Ser and Josse,* the results of which may be here 
briefly recapitulated. 





*See Josse ‘‘ Experiments on Surface Condensation for Steam Turbines, Especially for Ships,” 
in a paper read before the Schiffbautechnishe Gesellshaft at the summer meeting, Berlin, June, 





1908. 
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The coefficient of heat transmission & is composed of three 
quantities : 

(1) The coefficient of transference «, from the steam tothe 
walls of the condenser tubes, 

(2) The thermal conductivity 4 through the tube walls, 

(3) The coefficient of transference «, from the tube walls 
to the water. 

Therefore, according to Mr. Josse, we can write: 


in which d represents the thickness of the condenser tubes. 
The thermal conductivity 4 for various metals is given in 
Table 2. 


Table 2. 
Material. / for 1 millimeter plate thickness. 
Iron, . . . . . . 55,000 H.U. per sq. meter per hour. 
<< ae 
3rass, . . . 90,000 to 100,000 
| eis ie 
Wei 3-4 a ee Se 


The materials coming into consideration for condenser 
tubes are mostly alloys composed of tin, zinc and copper. 
The percentage of copper is made sufficiently high (60 to go 
per cent.) that the alloy will play the part of the electro- 
negative material in sea water, and thus reduce corrosion to 
a minimum. 

The value for «, cannot be changed very much, although, 
according to Mr. Josse, we are able, by increasing the velocity 
of flow of the circulating water through the condenser tubes 
from 0.5 to 1.2 meters (1.64 to 3.93 feet) to influence the 
value «, in such a manner that & will be raised from 2,640 
to 4,530; hence it follows that we should strive, by all means, 
















CONDENSING INSTALLATIONS ON SEA-GOING VESSELS. 






























1170 


to obtain the highest possible velocity of flow of the cooling 
water. 

The use of retarding strips for increasing the coefficient of 
heat transmission has not proven a success in marine engi- 
neering, since the tubes soon become clogged from sea-weed 
and small fish. 

The thickness of the condenser tubes varies from 0.75 to 
1.3 millimeters (0.029 too.o51 inch). In condensers that are 
to endure prolonged service, the upper tubes upon which the 
steam first impinges are made as thick as 1.8 millimeters 
(0.071 inch). For practical reasons the tubes should not be 
made longer than 6 meters (19.68 feet). Forevery 70 to 100 
tube diameters in length supporting plates should be fitted 
6 to 12 millimeters (0.236 to .472 inch) in thickness. 

The pitch ¢ of the tubes, from center to center, for merchant 
ships and battle ships is made ¢ = d -;}- 0.354 inch for torpedo 
boats. ¢=d + 0.236 inch, in which d represents the external 
diameter of the condenser tubes in inches. 

The tube plates are made of brass, muntz metal or naval 
brass, 20 to 26 millimeters (0.787 to 1.023 inches) in thickness. 

The condenser shell is generally made of plate copper or 
plate brass. The thickness of the shell, according to Bauer, 


is about » 1 millimeter, if D equals the inside diame- 
35° 


ter of the condenser. 

Around the outside of the condenser itself several tee or 
channel bars are fitted to prevent collapsing. Lateral bracing 
must be introduced where necessary to insure safety. 


V.—THE LEAKAGE OF AIR INTO THE CONDENSER. 


The greatest common evil of all condensing installations 
is the leakage of air. This leakage is due to two causes: 

(1) The water pumped out of the condenser into the feed 
tank is brought into contact with air of atmospheric pressure. 
According to Bunsen 1 liter (2.2 pounds) of water at 15 degrees 
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centigrade (59 degrees Fahrenheit), and 760 millimeters 
(29.92 inches), barometric pressure, will absorb a quantity of 
air equal to 0.01795 liter (61.02 cubic inches). This air is 
continually supplied to the condenser so long as the cycle 
through which the water passes remains unchanged. 

(2) In the low-pressure region of the condenser a larger 
quantity of air leaks in through cocks, flange connections, 
piston-rod stuffing boxes, etc. The amount of this air leak- 
age can be essentially reduced by careful workmanship and 
erection. What measures of design are to be applied to pre- 
vent the leakage of air due to non-tightness has already been 
explained. 

During normal running for fast vessels it can be assumed 
that the weight of the air leakage amounts to about ;,);, of 
the feed water used ; for slow-running vessels this amount will 
be larger and is increased to ;,);, of the quantity of the feed 
water. 

From these figures it can be seen that the air leakage into 
the condenser during the cycle of the water amounts to about 
ji; of the total quantity of the air. From this we can per- 
ceive what extraordinary influeuce good workmanship and 
good design possesses. 

A rough calculation will show that as much air will enter 
the condenser through a single leaky 10-millimeter (0. 393- 
inch) cock as will be brought in through the cyle of the water 
during the same time. 

The leakage of air into the condenser due to the cycle of 
the water could be reduced by about one-haif if the present 
feed-water heaters (Normand type, etc.) as now installed were 
replaced by heaters that would heat the feed water in the feed 
tank. 

VI.—THE AIR PUMP. 


The sizes of the air pumps for a marine installation are 
determined from the values given in the last chapter. 

In turbine installations separate wet-air and dry-air pumps 
are generally installed. A more appropriate term for “ wet- 
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air pump” would be the expression ‘‘ condensed-water pump.” 

The purpose of the wet-air pump is solely to draw the con- 
densed water from the condenser and deliver it into the hot- 
well. As such the pump is generally given a proportionally 
large cylinder, since, with regard to the slight water pressure 
available, it becomes compulsory to use only moderate piston 
speeds. The maximum average piston speed is about 0.5 
meter (1.64 feet) per second for small ships, 0.4 to 0.7 meter 
(1.31 to 2.29 feet) per second for large ships. 

With these piston speeds the volumetric efficiency can be 
assumed at 0.8. 

That with respect to the flow of the water and port areas 
the same conditions apply as explained in the beginning 
hardly deserves further discussion. Here, also, the valves are 
again the cause of large losses in work. ‘The three following 
kinds of valves are in general use: 

(a) Beldam valve, Fig. 21; 

(b) Kinghorn valve, Fig. 22; 

(c) Rubber-flap valve, Fig. 23. 

The valves are given a lift of 8 to 12 millimeters (0.315 to 
0.472 inch). Therefore, the water in flowing through the 
valve is compelled to assume a proportionally high radial 
velocity. In calculations these velocities are taken at 6 to ro 
meters (19.68 to 32.8 feet) per second. However, in connec- 
tion with this, the following deserves consideration : 
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Fig. 21. 
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Since the pressure prevailing in the condenser amounts to 
about 0.1 atmosphere, there would thus become available as * 
a suction head a column of water of about 1 meter (3.28 feet). 
This pressure is further reduced by the air contained in the 
water and by the steam pressure corresponding to the tem- 
perature of the water. Therefore, practically speaking, there 
is no longer any suction head in general. Consequently, it 
is an absolute condition that the water flow towards the pump, 


re a a i Rl 


and the velocity arising in the suction valves will depend 
solely on the height of the water level in the suction pipe. 
If the available water column, for example, over the pump 
valves is equal to 1.5 meters (4.92 feet) and the resistance 
factor or coefficient of friction = of the valve is 1.2, then the 
only possible velocity in a radical direction is 


pete ates. em at 


; | agh 29.81 X 1.5  3-65meters(11.97 feet) 


Nitra 2.2 - per second. 


~ 


pone ne eee: 


From this it is seen how extremely important it is to place 
the air pump as low and the condenser as high as possible. 


Hence, in small ships with little head room, it can readily ) 
occur that, through carelessness in designing, the lower part | 
of the condenser becomes submerged and is thus lost for the 


cooling effect. 














ty 
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Fig. 23. 


For the purpose of giving the valves as favorable an effi- 
ciency as possible it is recommended that they be given the 
form shown in Fig. 24. Ina valve of this kind the water 


77 














CONDENSING INSTALLATIONS ON SEA-GOING VESSELS. 





1174 


would already receive a gradual acceleration in the valve, and 
by this a steadier flow of the water would be produced. 

The dry-air pumps found in use today are, in general, of 
the Edwards type, and, on account of their high rate of revo- 
lutions, are driven by the piston-rod extension of a steam 
engine. 

Quite recently excellent results have been obtained with 
centrifugal air pumps of the Westinghouse-Leblanc type. 

However, we shall confine ourselves to the first type of pump 
the design of which may here be assumed to be known. In 
this pump, above all things, care must be taken that there is 
always sufficient water over the piston so as to avoid a clear- 
ance space on the pressure side. This injection water, which 
at the same time effects tightness, must be as cold as pos- 
sible so as toavoid re-evaporation during the downward stroke 
of the piston. Theafflux of the water must be liberally pro- 
portioned, since, by the rapid reciprocating motion of the pis- 
ton, as well as by the impact near the top center, and by the 
compression of the air, the water becomes rapidly heated and 
thus the danger arises that re-evaporation will occur during 
the downward stroke of the piston. The valves will first 
begin to open when the pressure of the compressed air has 
increased, at least, so far that it will be in equilibrium with 
the back pressure of the atmospheric air, plus the weight of 
the valves. This will occur first, then, when the piston has 
completed 80 to 86 per cent. of its upward stroke. The valves 
will then open very rapidly and the air will attain a very high 
velocity during the outflow. 


VIL—GENERAL ARRANGEMENT OF CONDENSING INSTALLA- 
TIONS. 


If we consider the turbine space of a vessel of the present 
day, then the first impression obtained is that the arrangement 
of the machinery demands a large floor space, notwithstand- 
ing, however, that the head room is badly utilized (see Figs. 
25 and 26). The location of the floors are very high, espec- 
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Fig. 25. 


ially in the Parson’s installation, and the engineer frequently 
does not have proper supervision over the auxiliary machin- 
ery. In this respect the single-shaft turbine arrangements 
have somewhat the advantage. In’ the latter the condenser | 
can be arranged directly over the low-pressure turbine as sug- 
gested by Dr. Wagner, of Stettin. In Figs. 27 to 30 is shown 
an arrangement for a torpedo boat, and in Fig. 31 one for an 
express steamer or large war ship. 
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Fig. 27.—AFTER ENGINE RooM (FORWARD ENGINE ROOM SYMMETRICAL). 
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Fig. 30.—SEcTION THROUGH THE CONDENSERS. 


List of auxiliaries and apparatus. 


a, Circulating pump. J, Oil pumps. 

46, Combined wet- and dry-air pump. g, Fresh-water pump. 

c, Main feed pump. h, Bilge pump, 

d, Feed tank. 7, Evaporator and distiller. 


¢, Electric generator. k, Evaporator pump. 
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The advantages of this arrangement are the following : 

(1) Saving in space. Tactically the space saved can be 
utilized for the strengthening of the coal protection or for the 
stowage of ammunition. A larger space is also more agree- 
able for the supervision of the entire machinery installation. 

(2) Saving in weight. Mainly by the dropping of the 
exhaust pipe and the condenser foundations. 

(3) Improved inlet for steam to the condenser, hence, the 
same conditions of condensation prevail everywhere. More- 
over, the tubes can be more frequently supported by plates. 

(4) The width of the tube banks, presenting the greatest 
cooling effect (greatest coefficient of heat transmission) is 
larger in a divided condenser than in a single circular con- 
denser. Furthermore, the steam can better penetrate through 
the individual condensers. Hence, as may be easily foreseen, 
in such a condenser the total cooling surface can be reduced, 
and by this means a further saving in weight. 

(5) High location of the condenser. In this way a high 
head is obtained for the wet-air pump. 

A disadvantage of this arrangement is the dismantling in 
case of turbine accidents, which, however, in turbines having 
large blade clearances and with good attendance should be 
very rare. 
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Fig. 31. 
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Still more compact and lighter can the condensing installa- 
tion be made if, instead of the dry-air pump a turbine-driven 
centrifugal air pump be installed, shown in Figs. 27 to 29, as 
recently brought out by the Allgemeine Electricitats Gesell- 
schaft, and if instead of a circulating pump for handling the 
cooling water a turbine-driven propeller equipped with guide 
apparatus or an axial-reaction turbine be used. 


VIII.—CALCULATION OF A CONDENSING INSTALLATION FOR 
A TORPEDO BOAT WITH TWO SHAFTS AND SINGLE-SHAFT 
TURBINES FOR A STEAM CONSUMPTION OF 100,000 
KILOGRAMS (220,460 POUNDS) PER HOUR. 


Each turbine consumes 50,000 (110,230 pounds) kilograms 
of steam per hour. A vacuum of go per cent. is to be attained 
asacertainty. Let the highest initial temperature of the cool- 
ing water be 15 degrees centigrade (59 degrees Fahrenheit), and 
the quantity of cooling water 45 times the weight of the steam 
condensed, therefore, 


O, = 45 * 50,000 == 2,250,000 liters (4,960,350 pounds) per 
hour. 
Then, the quantity of cooling water per second will be 


2,250,000 


v= hos Sx te 625 liters (1,373.8 pounds). 


The quantity of steam per second amounts to 


50,000 


™ ci 58 ’ 
60 x 60 13.9 kilograms (30 5 pounds) 


D-= 
With the aid of steam tables the final temperature of the 
cooling water computed from the formula— 


DXi=Q(t4—4) 


— 


Dxi+O% bh _ 13.9 (620.4 — 45.65) + 625 * 15 
QO 625 
t, = 27.7 degrees centigrade (81.36 degrees Fahrenheit). 
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A temperature of about 28 degrees (82.4 degrees Fahrenheit) 
corresponds to a pressure of 
0.037 atmosphere absolute, 


therefore, the air may attain a pressure of 
0.1 — 0.037 = 0.063 atmosphere absolute. 


Assuming, first of all, that the velocity of the cooling water 
in the tubes amounts to 2 meters (6.56 feet) per second, and, 
to be safe, let the coefficient of heat transmission be 


R = 4,500, 


then, the cooling surface will be obtained from the formula— 


iy W 
ke (< a=) 
: 2 
F 99,000 % 574-75 


4,500 (45.6 <a " 5) 


F = 163.5 square meters (1,760 square feet). 


This would be the amount of cooling surface required if it 
were not for the detrimental influence of the air. The con- 
densing installations built up to the present time have a cool- 
ing surface of 0.008 to 0.009 square meter per kilogram 
(0.03914 to 0.044 square foot per pound) of steam per hour. 
According to this the cooling surface would have to be at 
least twice as large as calculated in the foregoing. In this, 
however, we must not forget that in the piping of the circu- 
lating pump and by the flow of the water through the con- 
denser such considerable resistances always arose that the quan 
tity of cooling water supplied was far below that calculated. 
A cooling surface of 340 square meters (3,659.76 square feet) 
would surely be ample. 

Let the available length between the tube plates be 2,000 
millimeters (6.56 feet). Choosing 16 millimeters (3 inch) as 
the inside diameter of the tubes and the thickness as 1 milli- 
meter (0.0393 inch), then the pitch of the tubes will be 
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t—d-+6—18 + 6 = 24 millimeters (0.945 inch). 


The arrangement of the condenser is to be as shown in Fig. 
30. According to this we get two condensers of 170 square 
meters (1,829.8 square feet) of cooling surface each. The 
number of tubes in each of these condensers will be 


; [70 =a 
2% 0.018 Xx 7993 
The necessary tube-sheet surface without regard to stays, 
baffle plates, etc., is 
ae 0.024? 


f=n~- V3 =1,503 X ; < 1.732 =—0.75 square meter 


(8.073 square feet). 


Actually, the surface will be about 1.15 times as large, so 
that there will be obtained as the inside diameter of each 
condenser 


F . 1.15 X 4 J \ 1.15 > 4 < 9-75 1.048 meters 


(3.44 feet). 


The velocity of the water in the tubes is determined as 
follows : 
The quantity of cooling water per second is 


OV = 625 liters (1,373.8 pounds). 


The condensers are so constructed that the cooling water is 
conveyed along the lower portion in one direction and returned 
in the upper portion in an opposite direction. Then, the 
velocity through the tubes will be 


625 
2 
== 5 2.08 meters (6.82 feet) per second. 
1,503. 0.16’ 


~ e 4 
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This value agrees very well with the one assumed. 

Let the velocities of the water in the suction and delivery 
pipes of the circulating pump be taken at 5.5 meters (18.04 
feet) per second. Therefore the inside diameter of the pipe 
will be 


d, =.|4 XO _ | 4X 635 3.8 decimeters (14.96 inches). 
z=Xv Nxzx 55 

Having regard to the high velocity of the water in the 
pipes, choose the area of the suction grating (ahead grating) 
somewhat larger than usual, equal to 2.2 times the area of the 
pipe. The velocity through the grating will then be 2.5 
meters (8.2 feet) per second. Then the net area through the 
grating will be 


pr 


' 25 = 25 square decimeters (387.5 square inches). 


The useful work of the circulating pump is made up of two 
parts: 

(a) The work of acceleration, z ¢., the work which is 
necessary to impart to the water the velocity in the delivery 
pipe. With this velocity the water is discharged overboard. 
The work to be performed for this velocity is 


2 c c2 
~ = oe > =3 = 964 kilogrammeters (6,972.6 
foot-pounds) per second. 


A'=M 


(46) The work to overcome the hydraulic resistance of the 
piping and condenser. This work amounts to about 


A” = 625 X 2=1,250 kilogrammeters (9,041.25 foot-pounds 
per second. 


It being assumed that the total head of resistance amounts 
to 2 meters (6.56 feet). 
The effective work of the pump is 
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A =A’ + A” = 964 + 1,250 = 2,214 kilogrammeters 


(16,013.8 foot-pounds) per second, 


2,214 
75 


A = = 29.5 effective horsepower. 

By assuming an efficiency of 85 percent. for the circulating 
engine and, to be on the safe side, an efficiency of only 74 
per cent for the circulating pump, the indicated work of the 
pump will be 
N; 29-5 - 47 indicated horsepower. 
0.85 X 0.74 

The maximum number of revolutions per minute are not 
to exceed 400. Withan absolute initial pressure of 11.5 kilo- 
grams per square centimeter (163.56 pounds per square inch) 
and a back pressure of 1 kilogram per square centimeter 
(14.22 pounds per square inch) absolute the pump should just 
attain the specified performance. Let the cut-off be 60 per 
cent. and the clearance volume 14 per cent. The theoretical 
mean pressure will then amount to 0.92 of the absolute initial 
pressure. If the diagram factor be taken at 0.68, then, for the 
foregoing given cut-off, we get for the mean pressure 


p: = 0.92 X 0.68 X 11.5 — 1 = 6.17 kilograms per square cen- 
timeter (87.75 pounds per square inch) absolute. 


By making the ratio of the cylinder diameter to stroke 1.4 
to 1, the stroke will be 


3/ 


H oo 60 X 75 X N; "| 4 X 60 X 75 X 4,700 
14°" X 2p,Xn V1.4? < 2 X 6.17 X 400 


H = 13.9 centimeters (5.51 inches). 
Then, the diameter of the cylinder will be 


say 200 millimeters (7.87 inches). 





D, = 1.4 X 140 = 
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The following ascertained dimensions correspond in general 
to the usual method of calculating circulating pumps in marine 
work. 

The diameter of the inlet of the impeller is usually made 
0.9 the diameter of the pipe, therefore, 


d, = 0.9 * 380 = say 340 millimeters (13.38 inches). 


The external diameter is to be twice the internal diameter 
of the impeller, consequently 


d, =2d, == 2 X 340 = 680 millimeters (26.77 inches). 


The peripherial velocities corresponding to these diameters 
at 400 revolutions are 


25> ls * = O54 z SOP in 7.12 meters (23.35 feet) 
per second, 
and 
| ee .68 K z X 4C 
v, =“ n __ 0.68 49° __ 14.24 meters (46.7 feet). 


60 60 


The theoretical delivery head to be performed by the pump 
is as follows: 


(1) The pressure head corresponding to the work of accel- 
eration 

Pa jul 

h, =“ 55 


= 1.54 meters (5.05 (feet). 
22 2 X 9.81 on SENS 5 ( ) 


(2) The resistance head in the piping and condenser 


h, = 2 meters (6.56 feet). 


(3) The pressure head lost in the pump itself at an effi- 
ciency of 7 = 0.7. 
h, = (h, +- h,) 0.3 = (1.54 + 2)0.3 = 1.06 meters (3.47 feet). 
Therefore, the total pressure head is 
h=h, +h, + hy = 1.54 + 2 + 1.06 = 4.6 meters (17.08 feet). 
This pressure head could be attained with an absolute ini- 
tial pressure of 11.5 atmospheres (163.56 pounds per square 
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| RRL eS. 
Fig. 32. 


inch). Consequently, we see that a circulating pump thus 
proportioned is sufficiently large. 
The radial entering velocity has been assumed at 


C, = 3.5 meters (11.48 feet) per second. 


Hence follows 153 degrees 50 minutes for the angle «a, (Fig 
32). 
From the formula 
7», W,cosa, 
£& 


Ve 
h=— 
follows the product 


r— vy," .6 X 9.8 .24? 
W, COS @, = hs c= 4-6 X 9.81 14-24 


Va 14.24 
W, cos 4, = — 11.08 meters (36.34 feet) per second. 


The negative value of this expression signifies that the 
angle «, lies in the second quadrant. 
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In Fig. 32 have been plotted the values W, for various 
angles of a, = 90 degrees, 120 degrees, etc. Hence, by 
graphical means, the absolute exit velocity C, is found. 

















Fig. 33. 


If the terminal points of the absolute exit velocities are 
joined by a line AB, there will be obtained the geometrical 
loci for any exit velocity within the specified limits. 

However, the values for C, are not satisfactory, especially 
for the specified peripherial velocity of 14.24 meters (46.7 
feet) per second. 

Hence, let the following course be pursued : 

In the formula 
V2 + V, W, cos a, 

& 


the external peripherial velocity V, is given serially the 
values 10, 12 and 14.24 meters (32.8, 39.36 and 46.7 feet) per 


h 
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second. The product W, cos «, of this formula can be seen 
in Table 3. 

In a similar manner the proper values of W,, for the various 
angles 4, have been calculated and entered in the table. 


Table 3. 
ad 
y, meters per W.cos W, in meters per second for @, 

second. Oa: 

go°| 120° 135° 150° 165° 
10.00 cll 10.98 7.85 6.42 6.15 
(32.8) “~— * | (36.1) | (25.75) | (21.05) | (20.17) 
12.00 — 8.247 | 16.70 11.90 9:75 | 8.65 
(39-36) a "| (54-77) | (39-03) | (31-98) | (28.37) 
14.24 oie | 21.50 15.40 | 12.60 | 11.20 
(46.7) (70.52) | (50.05) | (41.33) | (36.73) 


Note.—Figures in parentheses are in feet per second. 


If 400 revolutions per minute be retained for the circulat- 
ing pump then the external diameter of the impeller for the 
various peripherial velocities will be as follows: 


v.10 meters (32.8 feet) per second, d*= 478 millimeters (18.81 inches). 
Vs 12 meters (39.36 feet) per second, d*—572 millimeters (22.52 inches). 
v, = 14.24 meters (46.7 feet) per second, d, 680 millimeters (26.77 inches). 


These values have been plotted in Fig. 32 and then C, ascer- 
tained. From this presentation the following conclusions can 
be drawn: 

(1) The smaller VY, is chosen the larger will be the tangen- 
tial component of C,. 

(2) At low peripheral velocities a smaller diameter, and, on 
account of the smaller friction, a better pump will be obtained 
than at high peripheral velocities. 

These principles, however, only hold good for pumps hav- 
ing such low heads as occur in marine engineering. 

For the final construction, therefore, choose 478 millimeters 
(18.81 inches) as the external diameter of the impeller. For 
the absolute exit velocity 
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take C, = 5.5 meters (18.04 feet) per second, and 
then a, = 150 degrees (see Fig. 33). 


The internal diameter of the impeller is determined as 
follows : 

If the axial entering velocity be chosen at 5.5 meters (18.04 
feet) per second, and the diameter of the hub of the impeller 
be assumed at 95 millimeters (3.74 inches), then the circular- 
inlet area must be 





625 , 0.95°x 


F ef 
2X55 4 


= 6.36 square decimeters (98.58 square 


inches). 
This surface corresponds to an internal diameter of 
d, = 294 millimeters (1 1.57 inches) for the impeller. 


On account of the great change in direction which the 
water suffers in the lower part of the pump, take 


d, == 300 millimeters (11.81 inches). 


The final peripheral velocity at the internal diameter of 
the impeller will be 


ad,zn 0.3 X= X400 


7 == 6.28 .6 feet 
¥ bo bo 9.28 meters (20 eet) per 


second. 


The radial velocity through the impeller may be chosen 
at 4 meters (13.12 feet) per second, then the entering angle 
of the blade will be 


U, = 147 degrees 30 minutes. 

Now, choosing further, the number of blades Z=8 and 
the thickness ¢ == 4 millimeters (0.157 inch), then there will 
be obained as the width of the impeller at the inlet 

Q 625 
sR SRE ze % g___9-04 ; 
rr Oo cw » s ape 
te eadadiited” “9 et (2 me sin 147° 30’) 


b, = 1.83 decimeters (7.2 inches). 
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Therefore, the width on each side of the inlet will be 


b 8 aie . 
- = 3 g1.5 millimeters (3.6 inches). 


The width of the impeller at the outlet will be 


QO 
b, = = . 
C, sin § (272, pee ) 
Sin 4, 
. 625 
) ‘ ° / —— Pas ° 0.04 : ) 
55sin 35° 40 (2: X 2.39 — 8> sin 150° 


= 140 millimeters (5.51 inches). 


In circulating pumps without guide wheels the greatest 
care must be bestowed on the shaping of the casing surround- 
ing the impeller. Most casings are given the form shown in 
Fig. 34 or Fig. 35. The casing shown in Fig. 34 is of con- 
stant width around the whole circumference and of variable 
height 4, and is, therefore, easily made. In Fig. 35 the 
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Fig. 34. 


diameter d increases with increasing circumference. The 
cost of manufacture of the core box of such a casing is pro- 
portionately high. The distribution of the water is shown in 
both figures. It can be seen, especially in Fig. 34, that large 
eddies are formed in the corners nearest the center of the 
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pump. A more favorable shape, and one that at the same 
time reduces the cost of manufacture of the pattern, is shown 
in Fig. 33. 

Since the conversion of velocity into pressure is nearly 
always accompanied by losses it thus appears proper to select 
one of the parallelograms drawn in Fig. 32, having an abso- 
lute exit velocity that comes very near to the velocity in the 
discharge pipe, or, better still, that is larger by an amount 
equal to the friction consumed by the walls of the casing. 

If a certain exit velocity C, has been decided upon, then 
calculate the cross-sectional areas at 6 or 8 different points, 
which must be available for the passage of the water. More- 
over, the radial component of C, must nearly always be equal 
to the cross-sectional height 4 (see Fig. 33). 

The deflection of the casing during transition to the pres- 
sure pipe shall follow it at an angle V. 

A circulating pump designed from this point of view is rep- 
resented in Fig. 33. The dash-and-dot line represents the 
path of an element of water on its way from the suction to 
the pressure pipe. 

The developed length of this path is represented as an 
abscissa in Fig. 36, in which the points designated by the same 
letters coincide in each case. ‘The absolute velocities due to 
the'corresponding cross-sectional areas are plotted as ordinates. 
A constant height of the curve warrants a good construction 
in this case. 

The pumps constructed up to the present time often show 
numerous cracks, especially at the inlet and outlet of the 
impeller, thus indicating faulty design. 

In calculating wet-air pumps it is customary to assume that 
a fall in head of 


A = 1.8 meters (5.9 feet), 
is available between the lower edge of the condenser and the 
air-pump valves. This head corresponds to a theoretical 
velocity of 
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v= V2gh= V2 X 9.81 X 1.8 = 5.93 meters (19.45 feet) 
per second. 


——-IMPELLEA 
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Fig. 36. 


With a coefficient of friction s = 1 the maximum possible 
velocity in general through the valves will be 


» — 593 
pe 


: 2.965 meters (9.72 feet) per second. 


The ratio of the net valve area to the piston area can be 
made about 1: 3.8. Now since the column of water behind 
the piston should not tear asunder, the maximum piston speed 
must thus be taken into the calculation and assumed that it is 


- times as large as the average piston speed. Hence, for the 
average piston speed, follows 


v! 2.965 
vas = = say 0.5 meter (1.64 feet) per second. 


- “es: ose 
-x gr =xe 


At = 40 double strokes per minute it follows that the 
stroke 


ears 30¢ 30 x 0.5 peas Pe inne 
Sn = thls 0.375 meter (14.76 inches). 
The wet-air pump is to receive two cylinders. Then, fora 
volumetric efficiency of 0.8 the piston area will be 
wt a? ’ Se 13.9 square decimeters (53.57 
4 08 Xc o08X5 3:47 Sq S (53-57 
square inches). 
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Hence, the diameter 
d = say 210 millimeters (8.26 inches). 


Now, since through occasional priming of the boilers, 
through leaky condenser tubes, through rolling or pitching 
of the vessel during which air-pockets are formed in the tubes, 
the quantity of the water in the condenser sometimes be- 
comes considerably larger than that calculated, thus the diam- 
eter of the cylinder must be increased to at least 240 milli- 
meters (9.44 inches). 

Frequently there is yet the rule that an air-pump shall be 
capable of drawing the water of condensation out of both 
condensers. In this case the diameter of the pump cylinder 
would have to be made. 


d' = say 340 millimeters (13.38 inches). 


The pumps as actually built in practice are generally made 
still larger. This, however, will not be necessary if the con- 
denser be placed sufficiently high. 

The main dimensions of the dry-air pump, which is to be 
of the single-cylinder Edward’s type, are found as follows : 

The weight of the air entering the condenser and to be 
drawn off by the pump, as specified in the foregoing 
amounts to 





50,000 


L.= 
: 1,800 


== 27.8 kilograms (61.16 pounds) per hour. 

The volume of air corresponding to an air pressure of 0.063 
atmosphere absolute is 22.58 cubic meters per kilogram (362.4 
cubic feet) per pound. Hence, it follows that the amount of 
air to be drawn from the condenser per kour is 


L = 27.8 22.58 = 628 cubic meters (22,174 cubic feet). 


Assuming that the air pump at maximum performance 
makes 350 revolutions per minute, then, the volume per stroke 
to be delivered by the pump 
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628 , 
__——— 0.0299 cubic meter = 29.9 cubic decimeters 
350 X 60 


(1.055 cubic feet). 


If the volumetric efficiency of the pump be assumed at 0.75 
and the ratio of the diameter of the cylinder to the stroke is 
taken as 1.25 to 1, hence, for the diameter of the air-pump 
cylinder, follows: 

D, {4 < 1.25xl 54 X 1.25 X 29.9 
|S nae Screen 0.75 


D, = say 400 millimeters (15.74 inches). 
The stroke will then be 


D, 400 


S, 
.) a 


320 millimeters (12.59 inches). 


The mean piston speed will be 


5, x a 0.32 x 35° 373 meters (12.23 feet) per second. 
The mean velocity of the air in the suction pipes must be 
taken proportionally low, since the air only has an oppor- 
tunity to flow into the pump cylinder when the piston is in 
the vicinity of the lower dead center. The velocity then 
arising through the parts is conditioned by the difference be- 
tween the pressure existing in the condenser “nd the smaller 
air pressure produced in the pump cylinder. if no special 
resistances are present in the suction piping the mean velocity 
of the air can be taken at ro meters (32.8 feet) per second. 
Dry-air pumps are usually of the vertical type and, in order 
to obtain speed uniformity, are driven by a reciprocating 
steam engine arranged with two flywheels at the sides. 
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B. DESTROYERS PAULDING 


DESCRIPTION AND TRIALS OF TORPEDO-BOAT 
DESTROYERS PAULDING AND DRAYTON. 


By LIEUTENANT COMMANDER H. C. DINGER, U. S. N. 


The Destroyers Paulding and Drayton are among the ten 
torpedo-boat destrovers authorized by act of Congress dated 
May 13, 1908. 

Contract for their construction was made with the Bath 
Ironworks, Ltd., of Bath, Me., and signed September 29, 1908, 
calling for completion and delivery within two years from 
that date. 

The contracts call for vessels of 742 tons’ displacement and 
29.5 knots’ speed ; to be built on plans furnished by the Navy 
Department as to type, armament and equipment; the ma- 
chinery to be Parsons turbines capable of propelling the vessel 
at the specified speed. The weight of machinery was limited 
to 272.5 tons. 

The following trials were required : 

A standardization trial over a measured-mile course in deep 
water, to ascertain the revolutions of the screw propellers 
corresponding to the measured speeds. 

A full-speed trial of four hours’ duration, with only the 
necessary auxiliary machinery in operation and a fireroom 
air pressure limited to five inches of water, and the steam 
pressure at the H.P. turbine not to exceed 240 pounds by 
gauge. 

A twelve-hour trial at a nearly constant speed of twenty- 
five knots, the fuel and steam consumption to be measured. 
A twenty-four-hour trial at sixteen knots, during which the 
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fuel and steam consumption was to be measured. This trial 
was subsequently reduced to twelve hours. 

The following limitations were placed on the steam con- 
sumption : 

At full speed, 15.5 pounds of water per shaft horsepower 
per hour. 

At 25 knots for twelve hours, 16.8 pounds of water per 
shaft horsepower per hour. 

At 16 knots for twenty-four hours, 25.2 pounds of water 
per shaft horsepower per hour. 

The water in each case is that required for all purposes. 
The horsepower is that of the propelling turbines only. 

The contract price for each vessel was six hundred and 
forty-four thousand dollars, of which amount two hundred 
and sixty thousand was for the hull, foundations for and in- 
stallation of armament, and boat and ordnance outfit complete 
by the contractors after the last two items shall have been 
supplied by the Government, and three hundred and eighty- 
four thousand dollars for the steam machinery under cogni- 
zance of the Bureau of Steam Engineering. 


GENERAL DESCRIPTION OF THE VESSEL. 
HULL. 


The hull is built of medium and hard steel. All parts of 
shell and frame below the water line are galvanized, and all 
parts are lightened by omitting and cutting out useless ma- 
terial. 

There is a main deck and raised forecastle, the latter 
extending as far aft as frame 41. Under the forecastle are 
located the quarters for four commissioned officers, a bath 
room and toilet, the officers’ pantry, the ship’s galley and a 
crew’s watercloset. 

There are four smoke pipes, oval in section, raised hatch 
coamings for the firerooms, two forced-draft down-takes with 
concave hoods which can be raised to form deflectors for the 
wind or can be battened down to keep out the sea or weather. 
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Abaft the smoke pipes on deck is the engine-room hatch, 
and abaft of this is the deck house, which includes a crew’s 
watercloset and wash room, a wireless-telegraph room and a 
hatch to the berth deck. 

Under the forecastle forward of frame 12 are the lamp room 
and a small storeroom. Abaft frame 12 are the officers’ quar- 
ters. The berth deck extends as far aft as frame 57, and aft 
from frame 124 to frame 161, or to the rudder post. Between 
frames 12 and 51 is the crew space in two compartments sepa- 
rated by a watertight bulkhead with a watertight door at frame 
28. Inthe forward compartment are sixteen folding berths,and 
in the after compartment are forty-four of these berths. One 
mess table is provided for the forward compartment and two 
for the after one. The latter compartment is reached from the 
main deck by a ladder, and the forward compartment is reached 
through the after one. Forward of the crew’s space on the 
berth deck is the paint and oil storeroom. A smaller storage 
space is available in the bow. The narrow space in the bow 
is filled in with concrete of coke and cement. The two for- 
ward storerooms are reached from the deck above. The after 
berth deck is divided as follows: From frame 124 to 138 are 
the quarters for eighteen men. From frame 138 to 149 are 
quarters for eight chief petty officers. Metal folding berths are 
arranged twotiers high. There is one mess table in the after 
and two in the forward of these compartments. Abaft of the 
chief petty officers to the stern is a general storeroom. Under 
these spaces from frames 124-129 are two oil fuel tanks, from 
129-138 a handling room and magazine, from 138-149 a 
fuel-oil tank. Under the storeroom are two trimming tanks 
of the following capacities: D-g, 8.5 tons; D-10, 4.6 tons. 
The living spaces are sheathed with No. 27 U. S. G. sheet- 
iron, painted. These quarters and storerooms are lighted by 
dead lights and air ports in the ship’s sides. There is no 
artificial ventilation excepting electric fans in living spaces. 
At forward fireroom bulkhead is a cofferdam between frames 
58 and 59. From frame 59 to 51 and under crew space to 
frame 43 are three oil-storage tanks. Under the crew’s space 
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from 43 to 38 is a handling room and magazine, from frame 
38 to 36 a fresh-water tank, from 36 to 28 a wet-provision 
storeroom and from 28 to 16 a dry-provision and officers’ mess 
storeroom. Next comes the chain locker, and then under the 
paint and oil room is a 10.3-ton trimming tank, forward of 
which, in the fore foot, is a 1.3-ton trimming tank. 

There are two boiler compartments and one engine com- 
partment. In the engine-room compartment is a reserve-feed 
tank of 14.7 tons’ capacity, between frames 97 and 103. 

The capstan is located on the forecastle with its engine 
secured immediately underneath on the after watertight bulk- 
head of the lamp room. It is a vertical (two) cylinder steam 
engine, built by the Hyde Windlass Co., and is controlled by 
a lever from deck. On the trials this engine hove in 88 
fathoms of chain and the anchor in 14 minutes 48 seconds, or 
at the rate of 5.95 fathoms a minute. 

The machinery spaces extend from bulkhead at frame 59 to 
frame 124. The engine room is included between frames 97 
and 124. 

Additional fuel-oil storage tanks are located aft of the ma- 
chinery spaces. The forward tanks are separated from the 
forward boiler room by a cofferdam 21 inches wide. 

The following are the particulars of the hull: 


Length between perpendiculars, feet and inches, . 289q—00 


over all, feet and inches, . . . . . . 293-10} 
on load water line, feet and inches, . . 289-00 
Breadth, molded, feet and inches, . . . . . . 26-04} 
extreme, over fender, feet, . . . . 27-00 
Depth, molded, main-deck side at frame 83, feet 
and inches,. . . Sip? cag anes oe 
Draught, normal, feet a ‘Sacha, ee te RE a ee 
Displacement, normal, tons, . . 742 
per inch at deslaent dencight of 8 
feet 4 inch, toms 12 


Ratio of length to beam, 
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Area of immersed midship section, square feet, 
L.W.L., plane, square feet, 
wetted surface, square feet, 
Transverse metacenter above C. B., feet, 
Longitudinal metacenter above C. B., feet, 
Coefficient of fineness, block, 
midship section, 
L.W.L,., . 
cylindrical, 
Number of frames, spaced 21 inches, 
watertight compartments, 


COMPLEMENT 


One commanding officer; three officers; eighty-two crew— 
Seamen branch, 26; engine-room branch, 49; special branch, 
2; commissary branch, 2; messmen branch, 3. 


CAPACITIES OF TANKS. 


Compartment. Gallons. Tons F.W. Tons S.W. 
Gravity tank, “tr pe 50.0 
Engine-room feed tank, . .... 2.4 
Reserve-feed tank, ; Sgaue 14.7 
Trimming tank A- 1, . 330 1.2 
A- 2, . 2,695 10 
D- 9, . 2,230 8.3 
D-10, . 1,205 4.5 


HEIGHTS. 


Above designed L.W.L., which is 8 feet 3} inches above 
molded base line : 
Top of masts, fore and main, feet,. . . . . . . 60-09 
Searchlight platform, feet and inches, . . . . . 30-09} 
Bridge at center, feet andinch,. . . . : > ae 
Top of forecastle deck at stem, feet and inch, 
main deck at stern, feet and inch, 
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MACHINERY. 


BOILER ROOM. 


Admission and egress to and from the boiler spaces is by 
air locks, one for each boiler room and also by raised hatches, 
one over each fireroom and one over the rear end of each 
boiler. Those hatches over the firerooms have spring catches 
and glass dead lights, the others are secured by bolts and are 
without lights. 

Ample exits are thus provided in case of accident,.and the 
presence of the air lock greatly facilitates supervision. 

The boiler rooms are arranged with the oil-settling tanks 
at the sides, built in with the hull. The tops of tanks are 
just below the water line, and the tank top forms a platform 
at sides on which various pumps and auxiliaries are located. 
This arrangement gives ample space at the sides, and makes 
it possible to have all the piping accessible. 


ENGINE ROOM. 


The engine room extends from frames 97 to 124, and is 47} 
feet long. The deck is supported by stanchions at intervals. 
A 36-inch ventilator is fitted at forward end of engine hatch. 
The hatch is 14 by 9g feet, fitted with spring doors and con- 
tains two access ladders and another 36-inch ventilator aft. 
At the after end of engine room is another hatch 7 by 4 feet, 
fitted with 36-inch ventilator on port side, and a hatch door 
and ladder leading to after end of engine room on starboard 
side. 

There are five 8-inch air ports on each side in engine room. 

The general lay-out of engine room is shown in Plate I. 


‘TURBINES. 


The turbine arrangement is the usual three-shaft Parsons 
arrangement, with H.P. and I.P. cruising turbines on out- 
board shafts. 

There are five turbine casings, namely: H.P. cruising; 
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I.P. cruising; main H.P.; starboard L.P. backing and ma- 
neuvering ; port L.P. backing and maneuvering. 

The middle shaft is driven by the main H.P. turbine; each 
wing shaft by two turbines for the ahead motion and by one 
for backing. On the port shaft are the H.P. cruising, the 
L.P. and astern turbines. On the starboard shaft are the 
I.P.C., the starboard L.P. and astern or backing turbines. 
Both backing turbines are in the casings of the L.P. turbines. 

The working platform is at the forward end of the engine 
room, and the numerous pipes and valves included in the 
working gear are located on the forward watertight bulkhead 
of the engine room, which has been stiffened on its forward 
side for this purpose. Plate II. 





No Service. No. Service. 

63. H.P.C. exhaust. 70. Starboard astern steam. 

64. Steam to I.P.C. 74. Portastern steam. 

65. Steam to H,P.C. 257. Auxiliary exhaust line. 

66. Starboard ahead maneuvering steam. 259. Auxiliary exhaust to maneuvering steam. 


68. Port ahead maneuvering steam. 
Plate Il. 


ARRANGEMENT OF STEAM AND EXHAUST PIPING. SECTION BETWEEN 
FRAMES 103-104; LOOKING FORWARD. 
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Composing the group of valves at the working platform 
are two angle, main stop valves, one on each side; the port 
valve admitting steam from the two after boilers, the star- 
board valve admitting steam from the two forward boilers. 
By converging pipes from these bulkhead stop valves the 
boiler steam is led into a main governor valve, located amid- 
ships and uppermost of the distributing group of valves, from 
which it passes into a tee immediately underneath, the lower 
nozzle of which is connected with the main H.P. throttle- 
valve chamber. The latter debouches into a steam strainer 
immediately underneath, which latter has two nozzles, lead- 
ing to the M.H.P. turbine. 

On the horizontal arms of the tee are two combination 
maneuvering valves for admitting and regulating a flow of 
steam to the L.P. and to the astern turbines on each side of 
the ship. These maneuvering valves are of the double-beat 
variety, with their spindles connected by a species of “ walk- 
ing beam” fitted with stiff springs over each valve stem and 
so arranged that in the process of opening one the other valve 
is closed. The upper combination valve leads to the astern 
turbine on its side; the lower to the L.P. (ahead) turbine. 
By turning the maneuvering-valve wheel right-handed the 
lower valve is closed, and at the same time the upper one is 
opened ; in other words, steam is shut off the L.P. turbine 
and admitted to the astern turbine. To maneuver ahead, 
turn the maneuvering-valve wheel left-handed ; to go astern, 
turn the maneuvering-valve wheel right-handed. 

On each side of the M.H.P. throttle-valve chamber is a 
nozzle to which is secured a throttle valve for admitting 
steam to the cruising turbines. The H.P.C. throttle is on the 
port side and connects through a 5-inch steel pipe with the 
after end of the H.P.C. turbine. The I.P.C. throttle on the 
starboard side is connected with its turbine by a 7-inch steel 
pipe at the forward end of the turbine. Both these valves 
are double-beat valves, operated by hand. 

On the pipe connection to the P.L.P. turbine from the port 
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maneuvering-valve nozzle is a tee and valve connection with 
the auxiliary exhaust pipe. 

Combinations of five, four and three turbines are permis- 
sible, either by disconnecting the cruising turbines or by per- 
mitting them to revolve in vacuum. For cruising at low 
speeds the H.P.C. is made the initial turbine by using its 
throttle. The steam enters the after end of the H.P.C., ex- 
hausts across to the forward end of the I. P.C. turbine (through 
non-return valves), which exhausts in turn into the M.H.P. 
turbine (through non-return valves), which latter turbine ex- 
hausts under all conditions into the two L.P. turbines. 

At higher moderate speeds the H.P.C. turbine is put out of 
use and steam admitted to the I.P.C. turbine through its 
throttle. At the highest speeds the M.H.P. turbine is made 
the initial turbine, the cruising turbines being cut out and 
the main throttle being used. 

From the L.P. turbines the exhaust is led through large 
nozzles of rectangular section connecting the top of each L.P. 
turbine with its adjacent condenser. 


TURBINE DRAINAGE AND GLAND PIPING. 


The steam belt, the after end of each turbine and the re- 
ceiver valves each has a drain connection controlled by a 
valve operated from grating. The drains for the H.P.C., 
main H.P. and P.L.P. lead to a drain pocket on after end of 
P.L.P. casing. The drains for I.P.C. and S.L.P. lead to a 
drain pocket on S.L.P. casing. From the drain pocket the 
drainage water discharges into augmenter pipe or air-pump 
suction. 


Steam for glands can be taken either from bleeder pipe or 
from auxiliary exhaust pipe. The gland system is self-pack- 
ing, that is, the leak-off of H.P. glands packs the L.P. glands. 
Cut-out valves are provided for shutting off gland system of 
each of the cruising turbines. 
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TURBINE DATA, 


Diameter of cylinder, inches. 
Length of cylinder, this diameter, inches.. ....... 


NO TER ELAR IEE IEP GLE St OD 


SE oetin OE REID, TI aaien' sn cede vesde- 9 tesenensndis 


Thickness of caulking sections, pitch of blades... 


Diameter of cylinder, inches..........-...--.+-2e0- 200+: 
Length of cylinder, this diameter, inches.......... 
Rows of blading.. 
Length of blades, inches......... ‘ 
Thickness of caulking sections, pitch of blades. 
Diameter of cylinder, inches. 


Length of cylinder, this diameter, inches.. nani a 


Rows of blading..................... 
Length of blades, inches. 


Thickness of caulking sections, pitch ‘of blades... 


Diameter of cylinder, inches...........0+-..-+ssseseees 
Length of cylinder, this diameter, inches.......... 


ON ER ERE EEE eee ree ras] 


Length of blades, inches..... 


Thickness of caulking sections, pitch ‘of blades... 


Diameter of cylinder, inches.. seinehoe 
Length of cy. linder, this diameter, inches. poondiéueines 
ee ae MEN Ss coe abe 
EIGIID OF WEBI RENOIR oi00 cs sen scrnnvovete apidsentors 


Thickness of caulking sections, pitch of blades.. 
Diameter of cylinder, inches..........- ccseseseeseeeeees 


Length of cylinder, this aasekenn imcheS,....00..«. 
Rows of blading. ietiacoae eehudee tes 


Thickness of posse Toei sections, pitch of blades... 


Diameter of cylinder, inches.. v 
Length of cylinder, this diameter, inches. eee sites 


I oa 5, censcec sap cece 


Tete OE WERE, TCT, 0 oae once cases Seewcnscesseneness 


Thickness of caulking sections, pitch of blades... 


Diameter of cylinder, inches... 


Length of cylinder, this diameter, inches.......... 


SE He cai cnleeer vid serntctescnecanectcvscescesesees 
TE GE NI MNO, cites ini scone sassnsberevihoces 


Thickness of caulking sections, pitch of blades... 


H.P.C., 30 inches ; 


44 inches; astern, 30 inches. 


CONDENSERS. 


AND DRAYTON. 
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There are two condensers of the Normand type, located one 
on each side of the engine room, elevated considerably above 
the turbines, resting in three saddles well up against the ship’s 
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side. They are built of steel plates in three sections with 
brass tube plates at their ends. The water chests are copper- 
plate cones, connecting each end of the condenser with the 
outboard valves. The circulating water is supplied by the 
main circulating pump. The tubes are of brass of the fol- 
lowing composition: 70 copper, 1 tin and 29 zinc, and are 
expanded into the tube sheets, 1} inches thick. To allow for 
expansion of the tubes the condenser and tubes are bent in 
horizontal planes to a radius of twenty-two feet. The tubes 
are fixed at each end, and as they expand they move laterally. 
They are supported at three intermediate points of their 
lengths by bridges at the bottom of the condenser. At each 
point of support over these bridges, and between the layers of 
the tubes, are placed strips of brass one-eighth of an inch 
thick, three-quarters of an inch wide, and turned up at their 
ends, where they fit into grooves formed by channel steel 
riveted to the interior sides of the shell. 

There are four passages or lanes formed by omitting tubes 
to permit the exhaust steam to freely reach the center por- 
tions of the condensers. 

Baffle plates are fitted along the sides of condenser between 
the eleventh and twelfth rows of tubes from bottom. 


PARTICULARS OF ONE CONDENSER. 


Length of shell over tube heads, feet and inches...............se:se2eesee 11-07 
Outside diameter of shell, feet and inches...............c00.....c000-eeeeeees 4-05 
Thickness of tube sheets, inches, (unbored 00}),........ ....sse0e-eeeeeeee o-o18 
ST NN TIN thks brides Lagetd 2 stde dadseched ten, chesqsnnaeshen 0-00} 
Neasber of tubes, Cnclt COMGOMIET....5. -...600sccs2s<ccesesscevnseseconcsssestes 25905 
ee IT GE III, WII os. ccccc ones vostec.cccceecdsacseccadaspessbaaabe 0-00§ 
I CP nd obs ee ciccantirs owodédps anys ccgenterecnsambaasatba No. 18, B.W.G. 
Length of tubes, mean, feet and inches.................ccceeeereeessees coon 10-06 
Cooling surface, outside surface of tubes, square feet............ caaakins 4,800 
Area through tubes, square inches... sab bucebd'-ccsocsmeenieg GE 
of circulating water, inlet and outlet, square + tactees sionsenbouveed 240.53 
through tubes divided by circ. area of inlet, square inches..... 1.95 
Spacing of tubes, between centers, inch.......2. ....-sereeeseesceeessereeeeee of 


There are the following connections to each condenser 


One main exhaust, rectangular, area, square feet................. s eaiabades cake 124 
auxiliary exhaust, diameter, inches.......0..........cssceeers cerssscrsscccvees 6 
i INS av snesstvipunredasces+saivacndaceasehesiaseevepedppueaneee 
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One feed-heater drain, diameter, inches.............ccscccccccesscceccscsccesceseeees 24 
ENN OE A iicviinssctnnntvescantesntapnensinbitinnd geeniin LE eee roe 
One boiling-out connection, diameter, inch.........00.....:.:cceeceeee ceecereseces Of 
safety valve, diameter, inches.. jabs cbdhesdnessiey Makgden inden ousaesemiuini Ce 
air-pump suction, diameter, aches pokbane- bdpwarhroskuesdpbasessbeubitelicessnee Io 
feed make-up (port condenser only), diameter, inch peidticsbedeiberteeeee of 


The following connections are on each water chest : 


One main injection on forward chest, diameter, inches.......... ....cs00...00 174 
outboard delivery on after chest, diameter, inches. ................ssee0e0 174 
drain, diameter, inch.............+ pidemthubsaiatiestatchanst ances. ichrnccnueaiauneuel 04 
GCE, GORMRIOEE | THI, citeicns ans cenntvnrdisioovenctebessztecwocesdeukens Saishviniaaehirt of 
air cock at highest part of water chests (piped), ), diameter, inch...... ot 
CLMNRRIETIODI COUT IIIs icnin ncn conte cnes cade secccteresdbeiensesrestivescasiscess 
manhole and cover, diameter, inches...............-sccseseessssserceseoees Ir Xx 15 

Two hand holes, bottom of shell, diameter, inches....................seeeees sx 7 


The condensers are stiffened by encircling bands of bulb 
angles three inches deep, and the shell is built up of three 
cylindrical sections with riveted seams, chipped and calked, 
the axes forming a broken line of three segments. 

Main circulating pumps, one to each main condenser, are 
of the centrifugal type with 28-inch runner, driven by an 
inclined single cylinder, 7 inches by 5 inches, direct-acting 
engine, with piston valve, and provided with forced lubrication, 

The capacity of these pumps is specified as 7,500 gallons 
per minute. On their suction pipes are interlocking sea and 
bilge suction valves. 





Rae OE CU, TDi sce bs thn vddos echacetscdinctcrsktthepi aeeeee 28 
SMDROTEONS, TRCTIOD. 5, a5 s0ices vsossetsosrscoctocstosedboccncoseguoesn evcveres 174 
DR OE WIIG sists kgscnsennccn<ceccapsesedese sseda 7 
Dihaaneter? CF GHPGRPR, TICTION,; « cncecosnconsescsdessbedsscesedosy Secbsabeeroraebedenss 174 
Wiis CR, TRONOD iiss dssiscne ccscnniis 5 5 5cd0es seoeneteseedcadicowniees: | 7 
Revolutions of engines, full power.......... sobevah iuntbanes tagnuphedansbentvoncuaien +. 290 


The air pumps, of which there are two, of the duplex, 
single-acting, Blake type, 10 < 22 16, are located as low in 
the vessel’as possible, in the after end of the engine room, 
their working beams in fore-and-aft line. 


79 
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The augmenter consists of a steam ejector, which takes its 
suction from the tops of the large suction pipes, between the 
air pumps and the condensers, and discharges into the aug- 
menter condenser, and through it into a water-seal box in 
such a way as to force the discharge from it into the channel 
ways of the main air pumps. By the use of this augmenter 
the vacuum is increased an inch to an inch and a half below 
that possible without its use, and to the excellent vacuum 
obtained by its use is attributed, in large degree, the high 
speed and economic performance of these vessels. 


PARTICULARS OF THE AUGMENTER CONDENSER. 


Material of the shell, copper, formed to a curved cylinder slightly 


enlarged at its middle; thickness of shell, inch................sssesee 0.1375 
Tube sheets and manifold heads are of composition. 
NES Cir CUE I, FI okiisd bcd coe po vccccceckncoenentndesoccdeseseetis oo; 
outer heads, inch........ seishagiondepuneuessaauabnetceedeeamanteas oo} 
Radius of inner or shortest element of shell, feet and inches......... 6-034 
outer or longest element of shell, feet and inches ........ 4-05 1’, 
ee IIR cc senda beep aninnntinnincessnmsueenys 5-054 
Versine of angle of planes of the two tube heads to one another, 
multiplied by radius of all tubes (curvature of), inches............. 148 
I I cts Siete ctacctersnctte stains senhedngbens jsncnenaesessbesetes snes 225 
Diameter (outside) of tubes, inch................00 iaiged deltvenedeane Tuaabeue oo 
TOtls OF Babes, TICBOB ....<5<cccccoseses snvesecseees piabnensctmebeensateducetuties 53 
ONIN CERMIDERT GE WIRED, SCION, 6 6ccecscicccsccece ssa cconcssccsessecescsesone BE 
COMTI CENTRE, CRO TIGR esses ono s.os 5 iccsc cesses open ccncgessectovicessses §8GQ. SBS 


The tubes are not tinned, and are arranged as described for 
the main condensers. 

As to the additional weight of the augmenter and aug- 
menter condenser the total is as follows: 


One vacuum augmenter, pounds..............+0+ sadapecasaboesaatenel paaoeains siege 145 

MUMMEIOMIRET COGOMORT, WOTIERS 6555s 5000 nce dstes ncnced dncbed scence creses 745 
Steam and water piping and valves, pounds................. nia aitaleemeteeed 1,143 
ME ck: cetinnaindcstetabiniemeentdusntadinanaaaneningpnaeacan eibalksaiap aalintamiandecaviie vkssabien 2,033 


OIL-FUEL SYSTEM. 


The system employed is the mechanical atomization sys- 
tem. This consists of storage tanks, tank-supply pumps, set- 


tling tanks, oil-service pumps, heaters and burners. 
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From the storage tanks the oil fuel is pumped by two 
Blake simplex oil-supply pumps to the settling tanks, of 
which there are four, two alongside of each boiler compart- 
ment. These oil-supply pumps are connected so that they 
can discharge from one storage tank into another, so that they 
can discharge oil to another vessel, or so that they can pump 
oil on board from a barge or oil carrier. 

From the settling tanks the oil is pumped by means of the 
oil-service pumps, two in each boiler room. These pumps 
discharge through oil heaters, strainers, and then to burners. 
A small hand pump is supplied in each boiler compartment 
for starting up when there is no steam on vessel. 

Storage Tanks.—These tanks are fitted with 44-inch 
vents leading to non-return mushroom openings on deck. 
There is a deck-filling connection, and provision for blowing 
out tanks by means of steam hose is also provided. 

Settling Tanks.—These tanks have 43-inch vents leading 
to deck, are each fitted with a gauge glass, and have a small 
hand pump for pumping overboard water collecting in bottom 
of tank. Steam-heating coils are fitted in the tanks near 
suctions. 

Oil Heaters.—There are two oil heaters in each boiler com- 
partment. The heating surface of each heater is 131 square 
feet, there being 149 @ steel tubes 18 B.W.G. thick. The 
heaters are built in a manner similar to the feed-water 
heaters, but oil passes three times through the tubes. Live 
steam is used as the heating agent. The heaters are drained 
to traps and the discharges are arranged so they can be led to 
a testing tank to observe whether there is any oil leakage to 
steam side of heater. 


FORCED-DRAFT BLOWERS. 


The blower installation on these vessels is somewhat novei. 
It consists of two blower units, one for each boiler room. 
Each set consists of a Terry, single-stage, four-nozzle turbine 
driving a horizontal shaft, upon which are located two single- 
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inlet and one double-inlet centrifugal cone-wheel fans. Each 
fan has nine vanes curved back from the direction of rotation. 
The diameter of fan wheel is thirty-nine inches. The blower 
units are located on top of the settling tanks in the port after 
corner of forward and port forward corner of after boiler room. 
A light air duct leads down from the blower intakes to the 
inlet for the fans. 

Ventilating Duct to Engine Room.—A duct leads from the 
port side of engine room to the suction of the F. D. blowers, 
and through this the blowers assist in ventilating the engine 


room. 
OTHER BOILER-ROOM AUXILIARIES. 


In addition to the blowers and the oil-fuel system and its 
accessories each fireroom has a 13 X 9 X 14 Blake simplex 
auxiliary feed pump and a fire and bilge pump, Blake sim- 
plex, 8 X 5 X 12, which has sea and bilge suctions, and dis- 
charge overboard and to fire main. 

Hose connections are provided for cleaning boiler tubes 
with either air or steam, the air being supplied to a main, via 
reducing valve, from the torpedo air compressor. 


BOILERS. 


There are four boilers of the Normand, return-flame 
express type, each with a single furnace fitted with eleven 
oil-fuel burners. Two boilers are in each of the two boiler 
compartments. To compensate for the squatting of the stern 
of the ship at high speeds the boilers are pitched forward, or 
slightly depressed at their forward ends. For draining the 
lower drums drain cocks are installed at the forward ends of 
boilers A and C, the bottom-blow valves on the front ends of 
the two other boilers serving this purpose. 

The Normand boilers differ from the other types of boilers 
used on our oil-burning destroyers in that they have approx- 
imately the same baffling arrangement that has so successfully 
been employed with the Normand coal-burning boiler. In 
the Thornycroft, White-Foster and Yarrow oil-burning boilers 
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there is no tube baffling, the products of combustion passing 
at will from the furnace space through the tube nest to up- 
takes. In the Normand boiler there is a water wall on the 
furnace side extending about three-fourths of the way back, 
and a water wall on the outside extending from the back 
about three-fourths of the way. About a third of the way 
from the front of the boiler is placed a steel athwartship baffle 
plate to direct the flame from the upper portions of the tubes 
to the lower, which is to say, to prevent the flame from pass- 
ing horizontally from the rear to the front, and so on up the 
uptake, without passing among the tubes at their lower por- 
tions. This baffle plate is perforated. 

This baffling undoubtedly results in some economy, but 
perhaps the greatest practical advantage is that the side casing 
is protected against great heat and will therefore not warp or 
burn out as readily; on the other hand, somewhat harder 
service is brought upon the back brick lining, since all the 
gases have to go toward the back of the boiler. 

The boilers are fitted with a steam dome at their front ends. 
On the dome are the main and auxiliary stop valves, both 
having operating gear from deck. 

The steam drum is made in two pieces, with a treble-riv- 
eted lap joint on each side. The steam drum has a safety- 
valve connection with three four-inch valves near back end. 
In front head there is also a manhole 11 X 15 inches, a main- 
feed connection, with feed stop and check valves on starboard 
side, and an auxiliary-feed connection on port side; also a 
surface blow valve, four gauge cocks and two water gauges fitted 
with reflex glasses. The surface-blow and feed connections 
have internal pipes. The lower drums are seamless-drawn 
steel tubes, reduced in thickness in parts not forming tube 
sheet. The after ends of water drums are bumped and are 
fitted with a hand hole for cleaning and examination. The 
forward ends are also bumped and are fitted with a 14 & 11- 
inch manhole. 

There are two 8-inch down-comer pipes at after end of 
boiler. At the front are two hollow stays, 3} inches outside 
with 14-inch hole, between the upper and lower drums, and a 
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solid stay between the lower drums at each end. Zincs are 
fitted in the water drums. 

The burners, eleven in number, are located in the boiler 
front. The boiler front has a double casing, with a twenty- 
inch air space through which the air for combustion is drawn. 
The front of this casing is fitted with air doors, and the 
amount of opening can be regulated. The inner front casing 
has an access door through which entrance into the furnace 
is effected. 

The back of furnace and the sides up to top of water drums 
are lined with 9 X 4} X 23 fire brick, bricks being laid flat 
so as to have a wall 43 inches thick. The front is lined with 
the same size fire brick laid on edge, making a wall 2} inches 
thick. The anchor bolts for brick at back and sides only go 
half way into the brick, and the heads are protected by half 
the width of a brick. This prevents the heads from burning 
off. The bottom of furnace is lined with two layers of split 
bricks laid so as to break joints. Retort cement mixed with 
powdered fire brick is used for laying bricks. 

Around the cylinders of the burners special shapes of fire 
brick are used. The furnace is thus completely lined with 
fire brick except the inner walls of tube nest. 

The back casing has a three-inch air space, and the bricks 
at back of furnace are perforated at intervals to allow air from 
this space to pass into the furnace. Infrpnt, over tube nests, 
the casing is made into doors so that the whole tube nest can 
be thrown open for examination and cleaning. 

The uptakes are built up from the casing and consist of a 
11 U. S. S. G. plate, a one-inch air space,a 11 U.S. S.G. 
plate, 1 inch magnesia, and a 16 U. S. S. G. plate outside. 

The steam drum and dome are insulated from uptake by a 
one-half-inch air space, one-quarter-inch asbestos board, one- 
inch magnesia and a No. 22 U.S. S. G. galvanized-steel plate. 


SMOKE PIPES 

There is a separate smoke pipe for each boiler. The tops 
of the pipes are about twenty feet above the deck. Guys are 
fitted for use in rough weather; ordinarily no guys will be 
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rigged. There is an inner and an outer pipe with a four-inch 
air space between. The inner pipe is attached to the uptake, 
the outer pipe is attached to inner pipe and is open at bottom 
for entrance of air to air space. 


OIL BURNERS. 


The oil burners are of the Normand type and employ the 
Normand tuyere. The details of this burner and tuyere are 
shown on Plates VI and VII. 

The principle of this apparatus is the same as in other sys- 
tems used on other destrovers of this class, but the details and 
the method of regulation differ considerably. 


PARTICULARS AND DIMENSIONS OF THE BOILERS 


Number of boilers (two in each boiler compartment)........00+-...0000+ 4 
Designed working pressure, pounds............cccccscccccscecseseces. seveveeee 260 
Hydrostatic test applied, pounds..............csceesesccseeeseees a aaa 450 
Steam-pressure test applied, pounds..................-cccecsesssccesccesserees 300 
Length of boiler over all, feet and inches..............-sssceccscees scovseees 12-05% 
Width of boiler over all, feet and inches............ccccsccccccseesccesersseee ISOM y's 
Letisth of farmnce, $60t. BG INCNOS 4.000000 ccsestscccescobsoreececssiesseveence 7-094 
Wats of Fucwice, Fast MT ICON... -scsicisc te cccncs snccrsccnsctsacosonesions 9-08 
PUCRGD WORN CIES DIME is cs coon eitsscsssvncdsncsegseccievacsnss baupe eons 336.1 
SOE BE ai sisi desi citncnsonshedsidscsercasinpsesesdouimnaceab bi dakonsasnant I 
I ikciicciseannes binrisety ssduosyce cic tacedeles eelanailbebadaiaseuben II 
Heating surface, total area, square feet ......0. .ccccsssesceseeees stinbdeued 19,321 
Ratio of furnace volume to heating surface. ........secscesscseeeseeeeeseeeeel tO 14.37 
Number of tubes, 14 inches diameter............ padi cuties is a ccoainialion 1,834 
1¢ inches diameter........... gandoxcnih cendbnbibncekslsh évken 118 
TE AE Wigs ks scina Fedncesinss descisaacccnscnntiesesatwchiusnn ecoocee NO, 11, B.W.G. 
EE OE CIID ibid vicosinsns sib cdetag-sonas avecrsascesedessonné Cold-drawn seamless steel. 
Total number of tubes to each boiler ................ padenpaeienbbs satin ieade 1,952 
Length of longest tubes, feet and inches. ...............00.cccseeseeeee ceeeee I1-02,’, 
shortest tubes, feet and inches..............cccececeescceeeeceeees 8-028 
Tubes project ,°, inch beyond tube sheet and are belled. 
nee UU, IIIT Wi ives ceed victesitines se skncne ruvssnece xeececsetbevsstegesienes 4 
height above deck, feet and inch..............csceescseeeeee 20-00} 
area of section, each, square feet. ............6:ssesssereeers 16.43 
RRR tamls OF TE Bias siactecnes dette -secccentntisee socnvessisspetavetgaans 12 B.W.G. 
CUNO Dairies daca rendenesssekcotccssncaneseian epnvvsacesteuadiny 16 B.W.G. 
Drum, upper, diameter of inside, inches............ccccccseccsecorsseessesees 42 
thickness of top sheet, inch............ ... . o0nce cesbogvenece oF} 


Lower aipeet,, 1CMOR ies csticcces sossonseataczacens 
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Dome, steam, diameter of inside, inches.................... 2006+ ee 271% 
EEE OD NER MO LOE ae of 
The upper drum heads are bumped to a radius of, inches.............. 42 
have thickness Of, incl.......0000....00sscc00-es000 o}8 
The dome head is bumped to a radius of, inches..........06....2.seeeeeees 277° 
a I Es TN oo cecer cccncscns sanceetcvensccncnsncs of 
is braced to a stiffening ring of angle steel whose 
projected diameters are, inches. ........ sevinepids sadey 15% 
The stiffening ring is riveted to the shell and is made of angle steel, 
SIN oj ninnteataaceeeasecetapaaded tteticws sh daarinccauecdeccweds Linea ssadewanious <4 
EOSIN TNGOE, CIE, TINIE Sine ccesed cnncscinsdennenecins> doxvacdgescsqecnens I 
NE icadiicd dttntbtutanesuphehasincisantSeqeniur-inaiahi 3 
Down-comer pipes, diameter of, inside, inches.................000.cceeeees 72 
I NN ao iciccetstadecscicsasn 8 
Tie rods, hollow, front, of mild steel (class B), outside diameter, 
inches.......6 hist Gadsi dich aapdetbenaintten Eiteaien -cckpningudea cevaahenttdatweracees 34 
Tie rods, hollow, front, of mild steel (class B), inside diameter, 
ROIIOB, sac coconsses ut civa sn tuheeen vous tianeiagnasieas Cod It 
Lower deem, Gana dt edde, tosten. bnwiceddeektbeiadindgserctibeoute 19 
Cale mens OF top aeet, 1GCB. ...-.0.-..00. 160002 sense sessevers o% 


lower sheet, inch................ se O,;, 
Horizontal tie rod between lower drums, solid, diameter of | (one one 


Chene Ot ene ceed Gr DOIN), SROMER. 5.5. ie:. cies ves Sescecces ivvccsonseoeses 2% 
Weight of one boiler with all appendages dry, without fittings and 
Ny lerie caine sspcissinicosseors 50,752 lbs.—22)472 tons. 
water and steam at steaming level, 
250 pounds gauge pressure, 8,561 pounds==3) ‘4 tons. 


Spaces for passage of gases of combustion are provided by 
omission of tubes, thus forming diagonal alleys through the 
nest of tubes at each end of the furnace where necessary. 


LUBRICATION. 


The forced lubrication consists of an oil-cooler circulating 
pump, two forced-lubrication pumps, an oil cooler, oil-piping 
drain manifold and drain tank. The pumps and oil cooler 
are located on starboard side of engine room abaft evaporating 
plant and forward of circulating pump. 

Lubrication of the main turbine, spindle bearings and 
thrust bearings is accomplished by oil forced through them 
by the pumps. The oil passes through the cooler on its way 
to the bearings and is collected from the latter by a system of 
drain pipes which lead into a tank of one hundred and fifty 
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gallons capacity, located amidships on the starboard side, just 
abaft the main high-pressure turbine. This tank is so low in 
the ship as to insure a rapid flow, visible through an oblong 
pane of glass in the top of a manifold collector at the tank. 
At the discharge nozzle of each pipe into this manifold is a 
thermometer. These thermometers are together in a fore and 
aft row, and inclined so that they may be read by the light 
of an electric lamp conveniently placed, and by an observer 
standing on the engine-room platform. During the trials a 
series of observations was made by an observer at close hand, 
and the results recorded on a bulletin board with chalk, so as 
to be seen more readily from the working platform. Circu- 
lating water is supplied by the oil-cooler circulating pump 
and from a pipe connection from the main circulating-pump 
discharge pipe to the starboard condenser. The connection 
to main circulating pump is ordinarily used. 

The line-shaft bearings are not connected with the forced- 
lubrication system, but have ring oilers. ‘These bearings are 
attended from the after handling room, and from the shaft 
pits reached from after crew’s compartment. 

The main circulating-pump engines also have forced lubri- 
cation, connections being made so that the main lubricating 
system can supply oil to these engines. 

The owl cooler is of the surface-condenser type, the tubes of 
which are expanded and sweated into the two tube sheets. 
By division on the heads the oil is made to pass through the 
tubes four times. The water enters at one end of shell, and 
by means of six baffles is made to pass six times across the 
tubes. The circulating water is taken from the oil-cooler 
circulating pump and from the discharge of the starboard 
main circulating pump. The shell of the cooler is a brass 
tube flanged at each end. The oil heads are of cast composi- 
tion, and, like the tubes, of the following mixture: Copper, 
70 per cent.; tin, 1 per cent.; zinc, 29 per cent. The shell 
tube heads and water heads are bolted together by two stiffen- 
ing rings of class B steel, and through bolts and collar bolts. 
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PARTICULARS OF THE OIL COOLER. 


DN ES TG ic sicncadincceccosenccscciusbacsistocessnsecares 174 

PE CE I ici iicsecke sdcacapereaconteconvepae sancwudaees eadeasl oot 

Te GF ey FOE I PIII vice ics cccesisctcscescsicscosssccasensacecesece 4-054 

a I Cire avs cos Sidi ndnsctaccntcdatbesbiscocsesesdsiiniies oot 
I I OR iain pdcceneccanseteserennveesends<enuas 4-07 

diameter of, and of flanges, inches .............sseseeee-eeees 214 

re I MI i cca dcousdndtaawnesncautces ctucasntioeance 21% 

SN IN liek ceeds crncscckdnicietns . coccehoan~esnesenipanee oo} 

Circulating-water nozzles on shell, diameter of hole, inches.... ...... 024 
I, Ee Bi IE ana ccisic vents patents vocne sesecesentasinbesénes 280 

CE os: rca comadbbadetbonssrenatoapepeneden ov 

Area through each nest, square inches...................c0.csssssesoessecossees 15.27 

of cooling surface, square feet ............0.....-.ceccecece.esccceed os0ee202.33 


FEED PUMPS. 


Main feed pumps, two in number, 13 X 9 X 16 Blake sim- 
plex, are located in the port forward corner of the engine 
room. They have a nine-inch combined suction from the feed 
tank. The bottom of feed tank is about six inches above the 
suction valves of pump. The pumps discharge into a com- 
mon discharge pipe five inches in diameter, which discharges 
through or by-passes the feed-water’heater. The suction pipe 
of each individual pump is 4} inches. No grease extractor is 
fitted. 

The auxiliary feed pumps are the same size as the main, 
and one is located in each fireroom. 

The feed and filter tank is \ocated immediately over the 
air pumps, and is suspended from the main-deck beams. It 
is built of light galvanized sheet steel, }-inch, stiffened by 
angles and braced light angle beams between its sides and ends. 
At the top is one filter compartment, so arranged as to cause 
the discharge from the air pumps to flow over a weir down- 
ward through the loofa into a channel, and up another channel 
and over another weir into a common middle passage to the 
feed-tank reservoir below. This insures the constant submer- 
gence of the filtering material. The capacities of the upper 
and lower parts are 150 and 350 gallons, respectively. The 
connections with the first compartment of each filter section 
are as follows: 
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Two main air pumps, diameter, inches.......0....ceseeesseeeseeeeecerees coeeseceeeeeees Q 
Filling pipe, diameter, InChes. ......00s..0cccccsscosscccescocessos cvccsssesncsoneses sececs 2 
Distiller fresh-water connections, diameter, imch.........0..cseeeecsseceeesee cerns OF 
Vapor pipe, from each filter chamber, diameter, inches..............-...seseeees 2 
Drain pipes, with valves, diameter, inch.................ccccecccccesserereeverevccsens of 


On the feed tank are the following connections : 


Catees; GI I ao ie sive is daank'sscchdcadhcssatmnabebencenaed -sasemvenctaseaat 5 
Vapor, diameter, Inches ..........:.... corscccessenssseccstsesoess covers soneie sosees soncnsens 2 
Two feed suctions, diameter, inches........... sjrdnindoduvasgligdecsettenieaiinains 9 
Drain plug in bottom, diameter, inches. ..............cccccccescccrescseesseseee coves 14 
Water-gauge glasses. 

Thermometer. 


THE FEED—WATER HEATERS. 


There ts one feed-water heater in engine room in which the 
feed water is heated by the exhaust steam. It is of the Nor- 
mand type and consists of a shell of steel plate to which 
are bolted two flat tube heads of steel and two spherical water 
heads of the same metal. The tubes are expanded into the 
tube sheets. The tubes are of brass, five-eighths of an inch 
diameter (outside) and No. 18 B.W.G. thick, spaced {-inch 
pitch. Inside of each tube is placed a retarder of crimped 
brass ribbon, ;°; inch wide, No. 20 B.W.G. thickness, extend- 
ing the entire length of the tube. The axis of heater is placed 
vertically and it is secured to the forward engine-room bulk- 
head port side. Secured by tap bolts over and to the upper tube 
plate is a thin, perforated plate of steel serving as a scattering 
plate and a binder to the ends of the baffles which protrude 
from the tubes. The holes in plate are ;% inch diameter, 
pitched ? inch apart. The holes in the scattering plate are 
chamfered to prevent sealing the holes by contact with the 
ends of the baffles. In the lower head is a spiral coil of cop- 
per pipe leading from interior of the shell, eighteen inches 
above the bottom tube head to an exit on the lower head, for 
the condensation of vapor and the exit. of air. There are 
seven flat baffle plates through which the tubes pass, secured 
to the inside of the shell by three ears each. Each baffle 
extends 4;% inches beyond the center line of the heater and 
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is made of }-inch steel plate. The feed water enters the lower 
head, passes through the tubes and leaves through a nozzle on 
the upper head. The exhaust steam enters the shell near the 
top of the shell and is drained to a trap. Through the center 
of the end heads and through a central tube expanded into 
both tube heads is an axial stay rod with nuts at each end and 
on the under sides of the end heads. The shell is formed of 
a single sheet with a longitudinal double-riveted seam, a flange 
is riveted to each end with-two rows of 32-inch rivets. The 
flange is reduced in thickness within the area of the bolt 
circle so as to form an expansion joint between the shell and 
the tube plate. A }-inch drain hole is provided in the lower 
head. A gauge glass with fittings attached to shell seven, and 
twenty inches above lower flange of shell, is installed. The 
heater is fitted with a safety valve, a pressure gauge and ther- 


inometer. 
PARTICULARS OF THE HEATER. 
Length over all, feet amd imches.......00c0c...0.:sceserccoces socecescossscescosces 7-10} 
of shell between tube heads (inside), feet...................6..200. 6-00 
Diameter of shell (inside), inches..............c0+.scescseeseeees oasis aaaielied 23+ 
Te GE STE Cy ia iccchic sicactco cass sonnsscseccivcavecseesayeee 07's 
TAS GROEN, GUINEA, TIO a cc cesar vic sre cnsecs atcencsessecies onsscivedscnses 304 
PS OE GE TO, BE nd iisivs sesiceci ve cccieceunasicxésens I 
RG MI isi goss annhadocednowmapepento’ es o}8 
End heads, thickness of throughout, inch.....................ceesseeeeseeees o}} 
RE Re, I IE BOI ase hiss i ccctinccvaesecoccaredaaesaso’s crease 13 
TG i, POE OI TIM oi fais sne cn once cesiscocesedeccecenee 7-104 
Baffles, shell space, number of... ...............4.. Sneosnsaaehads saaaenenaeeses 7 
ee REE A SELON ESAT F isa E ot ot 
eat i I OE NO i visite sckbte nckcceecs aténedacdcosbiecpecee o# 
RRR i, SE IE SING aspen caress ss pcendeoandoiipseionwaicressions 6-2} 
SIEGE ssciclen -csisne ssh cs cdomicscnndcdbassoetebee teseesesecevtcarehisnkeeust 510 
material of ; composition : admiralty mixture, 10 copper, 29 zinc, I tin. 
Nozzle for feed water, diameter, inches................scessccceccecceceeceeees 5 
ae FEE, GS GE, TI os oiede nti nccctncanent onside caves cspsee csaces 7 
drain to heater, via trap, diameter of, inches................... 2 
Spiral air coil, diameter of pipe (copper), inside, inch.................. o4 
I a circocgvake iktinkiasncnaesscssesbeesaciessanten No. 14 B.W.G. 


MCU OE, TORE TRO iniiccs ss cscaecsecscorccosccvadense-<s 
(Note: A valve bolted to the shell is the upper terminus of this pipe.) 
Heating surface, outside of tubes, square feet .............cseeeseseeees eee 500.69 
Area through tubes, retarders fitted, square inches...............000..0++- 614 
Ratio of area, through tubes to outlet.............cc000 ccceceecereecceeeceeee 


74 
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Auxiliary Condenser.—This condenser is located in after 
end of engine room and is fitted with a combined air and cir- 
culating pump of Blake type. The cooling surface is 251.5 
square feet ; number of tubes 280, §-inch diameter; 18 B.W. 
G., and 5 feet 8} inches long. The condenser has an exhaust 
connection from the auxiliary exhaust pipe controlled by 
spring relief valve, and the connection from the exhaust of 
dynamo turbines is so arranged that it may exhaust direct to 
auxiliary condenser, while remainder of auxiliary exhaust is 
turned on feed-water heater or turbines. 


AUXILIARY PUMPS. 


The engine-room fire and bilge pump is situated on port 
side immediately abaft the main feed pumps. It is arranged 
to pump from the bilge and the sea, and discharges to the fire 
main (flushing system) overboard and, by means of hose con- 
nections, to the distillers. 

Oil Cooler Circulating Pump.—This is located on starboard 
side immediately forward of main circulating pump. It has 
a 33-inch sea suction, and discharges to oil cooler and to 
distillers. 

Lubricating Otl Pumps.—There are two 6 X 7 <8 oil pumps 
located on starboard side near oil cooler. They have a 3}- 
inch suction from oil-drain tank and a 3-inch discharge to 
oil service through oil cooler. 

Drainage Pump.—This is a 3} * 4 X 4 pump located in 
compartment A-16. It has two 2-inch suction and 14-inch 
hose suction, and a 13-inch overboard discharge and hose con- 
nection. By means of the permanent suction and the hose 
suction the forward compartment can be pumped out. 


OTHER AUXILIARIES. 


Air Compressor.—The air compressor, which is built by 
Platt Iron Works, has a capacity of 20 cubic feet per hour, at 
2,500 pounds’ pressure and 363 revolutions per minute. The 
steam cylinder is 9 inches diameter. The air is compressed 


80 
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in four stages, the diameter of different stages being 8, 47, 2? 
and rj inches. The machine is situated in the starboard after . 
corner of engine room. It supplies air at 2,500 pounds’ 
pressure to the air tanks for charging torpedoes, and, through 
a reducing valve, supplies air to a low-pressure system at 100 
pounds’ pressure for blowing soot off boiler tubes and for 
operating pneumatic tools. 

Steering Engine.—This is a double-cylinder, 53 * 53, 
horizontal engine, built by Hyde Windlass Co. It is located 
in forward part of pilot house. 


EVAPORATING PLANT. 


The evaporating plant consists of two vertical evaporators 
and two vertical distillers. The plant is situated in the star- 
board forward corner of engine room. The required evaporat- 
ing capacity when turned on auxiliary exhaust is 3,000 gallons 
per day. The distilling capacity is 2,000 gallons per day. 

Circulating water for the distillers is supplied by the oil- 
cooler circulating pump, from the fire main or by means of 
hose connection from the engine-room fire and bilge pump. 

There is a vertical evaporator feed pump and a fresh-water 
pump. A small testing tank is fitted near distillers from which 
the fresh-water pump takes its suction. 

The evaporators have one composition steam head each, 
to which the tube sheet is bolted. The tubes have return 
bends in horizontal plane and the divisions in steam-head are 
arranged so that the steam passes four times through the 
tubes. ‘The double baffle plate is fitted above the tubes, and 
besides this, there is a dry pipe. The feed connection has a 
perforated internal feed pipe and this is arranged to distribute 
the discharge over a wide area. ‘The steam head has a steam 
gauge, safety valve and drain connection. The shell has a 
steam gauge, safety valve, test cocks and gauge glass. The 
shell is made of galvanized sheets and the clothing of magnesia 
is lagged with galvanized iron. 
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PARTICULARS OF EVAPORATOR. 


Height of shell over all, feet and inches ...........ccceee coves sooseorescee serene 57Q 
OSG GE GENETE, VIII, TNO Soiivtste casectcccinocdincsssscstobuisetebeieeniee oO}, 
ESE Ge TRUE BI NI onde x cnarense ences pinsennnpascecesadbsonseewinten ot 
a I TG ono cists <vasss shanedienden pathenabaenseepinhanedabians 75 
Number of tubes, brass, 14-inch diameter, 13 B.W.G...........00...0ee eeeeee 
FE Be CAE I si sii ciciien sconesacconiansencneninns-aaneenninatde tunis of 
Oe i oo Sah osncika Savicksdescounchnp olidew dcadaeSuebandatons o# 
Diameter of steam connection, inches ...............:scccccesccccccccecccces seve ‘—2 
WHOL COMMRETIINL, TICOR sii... oiii0 00 son asvescenseonesorssnseceshine 24 
ey I Bn. oi.) inc biainssmdntdgandontegubeanstiiadan oF 
blow pipe, inch .......000-....000. 5 -sadaencenrscnsereapinecdhvebuttatents I 
RE Gr I I as tcncencc ss seccxetcsceseds ceontane at I 


Distillers.—The two distillers are located on starboard side 
abaft evaporators and above the evaporator pumps. The 
shells are made of a brass tube with flanged ends. The tube 
sheets are of brass and the bumped ends of copper. The dis- 
tillers are located vertically, and the drains are arranged so 
that distilled water can be sent either to ship’s tanks or to 
reserve-feed tanks. 

On the upper head is a nozzle for the vapor pipe from the 
evaporators. The vapor passes through the tubes from top to 
bottom, while the circulating water zigzags around them from 
bottom to top, directed by four baffles, through which the 
tubes pass and which are bolted by ears to the sides of the 
shell. The circulating-water nozzles are riveted and sweated 
to the shell. The tubes are expanded and sweated into the 
tube sheets. The spherical heads are brazed to composition 
flanges, the tube sheets are thinned to a ,;-inch thickness at 
the flanges, and the shell flanges are secured to the others 
each by four collar studs, with nuts at both ends and twenty- 
eight through bolts, all of class B steel. The collar. bolts 
permit the spherical heads to be removed without disturbing 
tube heads, the through bolts dropping out on removal of the 
nuts from the ends, while the collar bolts remain to hold the 


tube sheets. 
DIMENSIONS OF DISTILLER. 


CamAe GRITIIN, DENIED TING i 55 ssiois cnn cssscces sersanqnedh cessrbesnsnubenradedsinnes 16.5 
Shell, braes, inside Ginemeter, teclses. «.....s0cesscrcscsce<cc<cescssccecesescoscensectic © 
i ii isin ccs stenitibd. sis nbs declnss Sebay daeannde eb atdaei eg 12 B.W.G. 


Outside heads, copper, radius of, inches,...........ccccccs.ccccseccessccsceeesscoees 
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Io icvciiricticenctinibibuiniintnincoiienitsn nieniateivionss 14 B.W.G. 
Diameter of tubes, tinned inside and outside, 18 B.W.G., O. D., inch.... of 
I Oe is sscictinisces denstnckites sopsin spedumiueunehink ventana seveabecdaacesenelats 61 
Length of tubes over all, inches........ netietgadidacianbies -ounitdptebtcas ls deaiacsnene 218 
Outside diameter of flanges and tube sheets, inches L  hieedinanpnebhonsabtabant 10% 
VOROE CORMOOTIOM, GIMMIENEE, TCNEB oie s vccctersccseecticsss-cccccesccssecescupesences 1} 
ey en SOG cua nopbobaounsaset oteesatdewessneie I 
Circulating-water connection, diameter, inches....................cseeeceeeeeeees 14 
PIPING. 


The main steam pipe is of seamless-steel tubing. The 
branches from the two forward boilers unite to form the star- 
board steam pipe, and the branches from the two after boilers 
unite to form the port steam pipe. The branches from boilers 
are 63 inches in diameter; the mains are 9 inches in diam- 
eter. Each steam pipe has an expansion joint in firerooin 
and a cut-out valve at forward engine-room bulkhead. Drains 
are fitted to steam pipe in engine room. 

The auxiliary steam pipe is of seamless-steel tubing and 
takes its supply from the auxiliary stop valve on each boiler 
steam dome. The branches from boilers are 3 inches diam- 
eter. In forward fireroom the pipe is 2, 2} and 3 inches in 
diameter; in after fireroom 23, 3 and 3} inches in diameter. 
The pipe leads along starboard side of boiler room and enters 
engine room on starboard side. In engine room the auxiliary 
steam pipe has branches leading to the various auxiliaries. 
Cut-out valves are fitted so that certain parts of piping can be 
cut out for overhauling. 

The auxiliary exhaust pipe is of copper and leads on port 
side of boiler rooms. In the boiler rooms it takes the ex- 
haust of the anchor and steering engine, drainage pump, the 
fireroom pumps and the blower turbines. At forward fireroom 
the pipe is 2} and 3 inches in diameter, increasing to 7 inches 
where it takes the exhaust of forward blower, and to 8 inches 
after taking exhaust of after blower. In engine room the 
exhaust pipe forms a loop for the various auxiliaries and has 
connections for discharging to feed-water heater, 7-inch; to 
auxiliary condenser, 6-inch; to main condensers, 6-inch ; 
L.P. turbine, via maneuvering steam line to port L.P., 6-inch; 
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to main H.P. turbine, 6-inch, and to third expansion of each 
L.P. turbine, 3-inch. 

The auxiliary exhaust also has a 2}-inch connection to 
evaporator vapor pipe. 

The exhaust connections to port main condenser and aux- 
iliary condenser and turbo-generators are arranged so that the 
turbo-generators can have a direct exhaust to auxiliary con- 
denser or to port main condenser, while the rest of auxiliary 
exhaust is turned on feed heater or turbines. This is very 
desirable, since it allows the dynamo turbines to operate under 
a good vacuum both at sea and in port. 

Drainage.—The fire and bilge pump in each boiler room 
aud in engine room each have a suction to the bilges of their 
own compartment. The main circulating pumps each have 
a 7-inch bilge suction. The forward compartments are 
pumped by means of the drainage pump in compartment A- 
17. The after compartments are pumped by hand pump only. 

Fire Main.—¥ach of the three fire and bilge pumps have 
a 24-inch discharge to fire main. The fire main is a 2}-inch 
lead-lined steel pipe and has six 14-inch hose connections on 
deck. 

The flushing system is supplied from the fire main forward 
and aft in the wash rooms. Pressure on pipe is regulated by 
means of regulating valves which relieve when pressure goes 
above a certain point. 

Feed Suction Piping.—A combined suction pipe of copper, 
9 inches diameter, leads from the bottom of feed tank to the 
main feed pumps. Here there are two branches, 4} inches 
diameter, leading to the two main feed pumps; a third branch, 
6inches in diameter, leads forward to the boiler rooms, and 
has a 4}-inch suction to each of the auxiliary feed pumps. 
There is also a 33-inch suction to reserve feed tank. 

The g-inch suction pipe also has a 43-inch branch leading 
to the port air-pump channelways, by means of which water 
can be pumped out of condensers with the feed pumps. 

Feed Discharge Piping.—The main feed pumps each have 
a 4-inch discharge which combines into a 5-inch pipe, which 
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leads through or by-passes heater and has a 23-inch branch to 
each main feed connection on boilers. 

The auxiliary feed pumps have 4-inch discharge pipes from 
which 24-inch branches are taken to the auxiliary feed con- 
nections on boilers in their own compartment. 

Bottom-Blow and Pumping-Out Piping.—F¥rom each lower 
drum of boiler a 1}-inch blow pipe leads to a sea valve in 
each boiler room. A 1}-inch surface blow from each steam- 
drum of boiler in compartment also connects into this bottom- 
blow system. The system also has a 1}-inch hose connection 
for pumping out boilers by means of the auxiliary feed pump, 
a section of flexible metallic hose being used to make the 
connection. 

Reserve Feed Piping.—The reserve feed tank, situated in 
forward end of engine room, has a 34-inch connection.to the 
combined feed suction just forward of the suction connections 
for main feed pumps. There is a cut-out valve in feed suction 
line just abaft the reserve feed-tank connection. ‘Through 
this connection water from feed tank or from boilers can be 
run back to reserve feed tank, and any of the feed pumps can 
pump from the reserve feed tank; the auxiliary feed pumps 
being able to pump from this tank while the main feed pumps 
are pumping from the main feed tank. 

There is also a j-inch make-up feed connection from reserve 
feed tank to the port condenser. 


PROPELLERS. 


These are solid manganese-bronze, true screws of uniform 
pitch. ‘The starboard and center screws are right-handed and 
the port screw left-handed. The propellers were cast at the 
foundry of The Hyde Windlass Co., and were machined and 
polished at builders’ works. 


Sg EEE SINE ODT ONE Re ee PAPE Ie Ae CEN Pie eee ae as 63 
EES OE APIA E OE ; OSM SAAS, NEDA aD 58 
Disc area, each screw, inches........... sibs pelducevebadennnddonvlvaddminieee 3,117.2 
en ee es IE | i Jon bcs ahobendusnvedaocacbonbledse hcdeunts 2,128.8 


Projected area, cack: screw, INCHES, .....0.00..sccorcressssevercensescassoe secsesess 
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CURTIS STEAM TURBINE (DYNAMO SET). 


This small turbine is shown on page 823, Vol. X XI, No. 3, 
of the JOURNAL, published in August, 1909. The rated ca- 
pacity of the dynamo is 5 kw.; voltage, 125. 


PUMP AND PUMP CONNECTIONS. 





v “ve 
. é e 
: Size Pa Suction pipes Discharge 
No Pumps. I — Kin $s nh t re Location 
nches. : from— ec | pipes to— 
= = 

2 Main air....... 122618 | Vert., inde- 1 Condenser........... » | Feed tanks.| Aft. end of 

pendent eng.room. 

2 | Main circu- IX5 Vert., sin-  17}) Sea.........0++seccceses 17}; Condenser. Twoineng. 

lating 28 in. run- gle, cen- 7 | Bilge....cooe...sss00+| +e | Oil cooler, room 
ner. trifugal. starbd 

t Aux. con- | 6X88 x7) Hor. com- 4 | Sea... ssevseses| 3 | Feed tank, | One in eng. 
denser. bined 4 | Condenser........... 4 | Overboard room. 

2 Main feed... 13916 | Vert., pis- 44) Feed suct. pipe 4 |Main feed One ineach 
ton, sim- 34; Reserve feed disch’ge. engine 
plex. tanks. room. 

44| Channelways. 

Aux. feed....... 13K 9x16 Vert., pis 14| Bottom blows, 33 Aux. feed. Onein each 
ton, sim- hose con’'tion. Overboard boiler r’m. 
plex 4 Feed suct. pipe. 

Reserve feed 
tanks 

2 Fireroom fire 8512 Vert., pis 34| Fireroom floors..., 2)! Fire main, | One in each 
and bilge ton, sim Bb} SOR voce occccee -coscceee 3 | Overboard. | boiler r’m 

plex 14, Hose connection., 1}) Hose con- 
nection. 

1 Engine-room 10% 7x8 Vert., pis- 4 | Sea ssvcsceessecees, 24) Fire main. Onein eng. 
fire and ton, sim- 4 | Bilge, in engine 3) Overboard. room 
bilge. plex room 

1}| Hose connection. 1}) Distiller ® 
I Hose con 
nection 
Oil cooler 

t  Evap. feed.... x44 Vert., pis 13| Sea ... sosee, 1 | Evap’tors. | Near evap- 
ton, sin Dist. circulating orators. 
gle water disch. 


1 | Distiller fresh 33X44 | Vert., pis- 1} Distilled water 1 |Ship’s ta’ks| Near evap- 


water, ton, sin- tank 1 Reserve orators. 
gle feed tanks 
Qil ncccocccccssss) 6 9XE Vert., pis 34 Bilge oil drain 3 Oil- press. Near oil 
ton, sim- tank system cooler 
plex. 
t | Oil cooler, 6X78 Vert., pis- 3b) Sea ..crccccccsscecccees| 3 | Oll cooler Near oil 
circulating. ton, sim- 14) Distillers. cooler. 
plex. 
4 | Fuel-oil ser- at X34 Vert., pis- Settling tanks..... 14; Burners Twoin each 
vice. ton, du- boiler 
plex compa’t. 
2 Fuel-oil tank 6x 7™12 Vert., pis- 44 Storage tanks...... 4 | Set. tanks. Onein each 
supply. ton, sim- Overboard 4 | Stor, tanks, bo iler 
plex. 4 Overboard compa’t 
1 For'd bilge...) 3)K4x4 Vert., pis 2 Forward bilges... 1) Overboard, Comp’t.A. 
ton, sim Hose connection. Hose con- 16. 


plex. nection, 
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TORSION METERS. 


Shaft horsepower was calculated from the torsional deflec- 
tion of the shafts, which was observed through use of the 
Hopkinson-Thring torsion meter, one of these meters being 
applied to each turbine shaft. A description of this instru- 
ment, with illustrations showing essential parts, will be 
found at the end of this article. 


SHAFT CALIBRATION DATA (PAULDING.) 


Shaft r. Shaft 2. Shaft 3. 
Length of shaft calibrated, feet and 
iss bie viidhccs eae as cc anaaedabominabe 10-05 25-024 10-012 
Diameter of shaft, outside, inches... 00-06} 00-06% 00-063 
inside, inches..... 00-034 00-034 00-034 
Foot-pounds for one inch torque on 
SEED SUNG sia vhasssvin: osanccrsesouis 48,766.8 24,059.7 50,579-4 
Length of shaft which torsionmeter 
OUGRGD, TOGO iin dncccscecczetseccieste 25.5 25.5 25.5 
Constant (K) of torsionmeter......... 0.0713 0.07002 0,07009 


S.H.P.-— K » r.p.m. « reading of torsion meter. 
WATER CONSUMPTION OF AUXILIARIES. 


On the Drayton’s trip to Boston Navy Yard for docking, 
some water-consumption tests of auxiliaries were made. 
While main engines were shut off the auxiliaries were oper- 
ated at the number of revolutions necessary under conditions 
for obtaining full speed, 25, 16 and 14 knots, and the water 
consumption measured in each case. From these results a 
curve of water consumption of auxiliaries was plotted, as shown 
on Plate VIII. 

The water consumption of the blowers was obtained on the 
Paulding. First auxiliaries, including both blower turbines, 
were operated, the after blower at 1,850 revolutions; air 
pressure, 3} inches, and water measured. Then the after 
blower turbine was shut down and the water again measured. 
The difference between these two results represents the water 
consumption of one of the blower units. This was found to 
be 7,758 pounds of water per hour. 
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The horsepower of the blower unit at full speed, 1,850 
revolutions, is about 170, and this result would indicate that 
these blower turbines require 45 pounds of water per H.P. 
per hour, with back pressure at 20 pounds absolute. 

Another test, made in similar manner, but with blower 
operating at 1,500 to 1,600 revolutions per minute, and air 
pressure at 1} inches, gave a water consumption of 5,760 
pounds per hour. The water consumption per horsepower 
at this speed would be about 42 pounds. The back pressure 


pees PSPee rey -4 BEES SSShS FASE E TES 28 +o e8eeRRs: 


be ti 


terete 


ove HH SERE: 

cm = 2 Gee ~F000 1600 . 

werk eer POUNDS OF WATER, . 
V.3.$ DRAYTON, 






Plate VIII.—U. S. S. DrayTon. 


STEAM CONSUMPTION OF AUXILIARY MACHINERY AT VARIOUS SPEEDS. 


was also about 20 pounds absolute. The horsepower assumed 
above is, however, only approximate. The indications are 
that though the water rate per horsepower is approximately 
the same or only slightly higher than with reciprocating 
engines, the power necessary to supply the air is considerably 
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greater than it would be with reciprocating engines operating 
at about 800 revolutions per minute. 


REVERSING AND BACKING TESTS (‘‘ DRAYTON’’), 


With helm amidships and engines making approximately 
293 knots, the engines were reversed. Time from signal to 
dead in water, 57.5 seconds. 


Time taken in engine room : Starboard. Port. 
Began turning over astern, SeCONndS.......60...seeeee-ceeeeseeeee TLL 11.8 
PE OE BEROT  CUIIIR Spin ses hn svcircssscconpnessncecncnsanceccee — 4165 41.5 
POOP EN, Cc: aka ccneinnns ss scvnge cs cedecsosdcbsacasen 400,0 400.0 


The signal for full speed ahead was then made. 


Starboard. Port. 
Began turning over ahead, seconds. ................csce0-cesesees 84 7.8 
RE GOT Bs Poe 5 nde cess vnc se cceceseceeet ncacncsssdesces 49.5 49.5 


STANDARDIZATION TRIALS. 


Paulding.—The standardization runs were made on August 
23, 1910, on the Rockland, Me., course. The weather was 
fair and pleasant, with light to gentle breezes from S.S.E. 
The sea was smooth, with short swell from southward. 
Twenty-six runs were made. On the standardization runs 
the sane combination of turbines, for corresponding speeds, 
as would be used on the 4-hour full-speed, the 25-knot and 
16-knot trial. Runs 1, 2 and 3 (speed, 11.088 knots) were 
made with only the exhaust from auxiliaries entering turbines. 

The curve of speed, revolutions and horsepower, deduced 
from the data on standardization runs, is given on Plate IX. 

Average displacement on five high runs, 716.5 tons. 

Drayton.—The standardization runs were made on October 
II, 1910, on the Rockland, Me., course. The weather was 
fair, with stiff breezes from W.S.W. to N.W. There was a 
moderate, choppy sea. 

Owing to wind and choppy sea the conditions were not very 
favorable for obtaining high speed on standardization runs. 
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Twenty-six runs were made in the same general manner as in 
the case of the Paulding. 

The curve of speed, revolutions and horsepower, deduced 
from the data on standardization runs, is given on Plate X. 


FOUR-HOURS’ FULL-SPEED TRIAL. 


Paulding.—This trial was begun at 9.45 A. M.. September 
2, 1910, and ended at 1.45 P. M. same day. The course was 
off Seguin Island. The weather was fair and pleasant, with 
gentle to moderate breeze from N.E. ‘There was a light swell 
from eastward. 

Average displacement on trial, 711 tons. Mean draught 
on trial, 8 feet 1? inches. 

Drayton.—This trial was begun at 2 P. M., October 14, 
and ended at 6 P. M. the same day. The course was off 
Seguin Island. The weather was cloudy, overcast and misty, 
with light breeze from N.E. to North. 

There was a long, heavy swell from S.W. at beginning of 
trial, sea becoming smooth at end of trial. 

Average displacement on trial, 721 tons. Mean draught on 
trial, 8 feet .02;% inches. 


PERFORMANCE.—FOUR-HOURS’ FULL-SPEED TRIAL. 


Steam Pressures. (Average of one-half hourly observations. ) 


Paulding. Drayton. 
Average steam pressures : 


At boilers, pounds, gauge .......00:..s0000. sesececee covcccessevece 251.67 254.0 
engines, pounds, H.P., ZaUuge. ....e.sccesceeseereesseceeeeeeee 23765 247.6 
M.H.P. turbine, pounds absolute ..............:cseeee coven 250.95 250.1 
Starboard L.P. turbine, pounds, absolute................. 59-4 52.7 
port L.P. turbine, pounds, absolute ..............--seseeee 59.89 52.3 

On turbine glands, pounds, gauge..........cccseeseseeeeeeeceeees 1.67 1.5 
auxiliary exhaust, pounds, gauge............-cececceeeeseeees 1.38 6.0 

Vacuum in condensers, inches of mercury, starboard......... 7.6 26.81 
DOME... capetocustcnse 27.9 28.01 
pressure in lubricating oil system, pounds, gauge. 4.87 4.8 


fuel-oil system, pounds, gauge .......... 


T. B. DESTROYERS PAULDING 


AND DRAYTON. 


Temperatures. (Average of one-half hourly observations.) 


Injection, degrees F 
Discharge, degrees F 
Feed tank, degrees F 
water, leaving heater, degrees F...... 


Engine room, working level, degrees F............sss+++eeseee 


Firerooms, working level, degrees F 
Outside air, degrees F 
Smoke stacks, average, degrees F 


Fuel oil to burners, degrees F.................0...000- seccccscscesees 
Per cent. moisture, main steam line..............cceceeeceeseeseeeee 


Oil to oil cooler, degrees F 
from oil cooler, degrees F 
Water from oil cooler, degrees F 


* Pyrometers considerably out on this and other runs. 


Revolutions, or double strokes, per minute. 
observations. ) 


Pumps, main air, starboard 


port.... 
circulating, eetenet - 


fire and bilge 


lubricating, oil pump, No. I.,........++6. 


Speed of ship, in knots per hour 
Slip of propeller, in per cent. of its own speed, based on 
Mean pitch : 
Shaft No. 1 


Paulding. Drayton. 
6. 52.0 


85.5 
83.0 
204.0 
86.5 
94.0 
52.0 
1,293” 
60.7 
3.0 
83 
79 
55 


(Average of one-half hourly 
Paulding. Drayton. 
844.5 

812.1 

877.1 

844.5 

57-0 

57.0 

303.0 

296.0 

28.8 

32.0 

14.0 


weephatetienese’ 58.0 61.0 


10,0 


60.0 
1,598.0 


1,548.0 
30.83 


23-5 
20.4 
26.3 
23.4 

4.8 


4,377 
5,336 
5.761 
15,524 
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B.T.U. per pound of oil... 19,659 19,516 
Pounds used, per hour 18,367 18,644 
PRS SURE Ur COE OEE oaks seks escdiige jas acttneoleqeaietiims 4 3.704 


DEDUCED DATA. 


Square feet of heating surface, per S.H.P 1.24 
Cubic feet of furnace volume, per S.H.P .077. .087 
Pounds of oil per S.H.P. per hour, main shafts.............2....008 1.056 1.201 
cubic foot of furnace volume, per hour 13.66 13.88 
square foot heating surface, per hour QI 9! 
Cooling surface (main condenser), square feet per S.H.P........ .552 .618 


WATER. 
Pounds per hour, total 218,655 200,899 
total per hour per S.H.P. of main engines............ 12.511 12.941 


of water evaporated per pound of oil 11.9 10.77 
CREE Gr UIENINONS OD os vicar cscs cess ccncdesseks 33,000 (*) 


*Approximate, Auxiliary exhaust open to feed heater and condenser. 
TWELVE-HOURS’ TRIAL AT SIXTEEN KNOTS. 


Paulding.—This trial was begun at 5:15 A. M. August 24, 
Ig10, and ended at 5:15 P. M. the same day. The course 
was along the coast of Maine from Monhegan Island to Se- 
guin Island, to Cape Neddick, to Cape Elizabeth, to Seguin 
Island, to Monhegan Island, then back to Seguin Island. 
The weather was generally overcast and cloudy, with haze 
and fog on horizon ; gentle to stiff breeze from S.S.W. There 
was a short, choppy sea from S.S.W. 

Average displacement on trial, 727.5 tons. Mean draught 
on trial, 8 feet 32 inches. 

Drayton.—This trial was begun at 5.05 A. M. October 12, 
1g10, and ended at 5:05 P. M. the same day. The course 
was along the coast of Maine from Monhegan Island to Isle 
of Shoals and back to Seguin Island. The weather was clear, 
with fresh to strong breezes from N.W. ‘There was a short, 
choppy sea from N. W. 

Average displacement on trial, 727 tons. Mean draught on 
trial, 8 feet 3 inches. 
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PERFORMANCE.—TWELVE-HOURS’ TRIAL, AT SIXTEEN KNOTS. 


Steam Pressures. (Average of hourly observations.) 


Paulding. 
Average steam pressure of boilers, pounds gauge................ 225.0 
at engines, pounds gauge............... 220.0 
H.P. cruising turbine, lbs. abs.... 133.0 
I.P. cruising turbine, lbs. abs..... 67.0 
H.P. turbine, pounds absolute.... 31.0 


starboard LP. turbine, lbs. abs... 7.9 


port L.P. turbine, pounds abs..... 7.6 

on turbine glands, pounds gauge..... 1.0 

auxiliary exhaust, pounds gauge. 4.3 

Vacuum in condensers, inches of mercury, starboard.......... 29.5 

POET . ccccvccsccoces 29.5 

Pressure in lubricating-oil system, pounds gauge..............+ 4.0 

fuel-oil system, pounds gauge...........-..sceceeeceeee 213.3 

Temperatures. ‘Average of hourly observations.) 
OE MN BE ic ac.c sir 4 po ncaiich 04i dpnedaadkinbeensekosmuah ceevaiues 59.0 
NR IIE TP 5) ocatsenscoaccaiennminoshicadeiecdhacdacnsesinds are 

Pe RI Poison icc vcs ccicsnvensbecsases sobiteadse rae ae 71.0 

water leaving heater, degrees F.................s2ccecscssveeee 222.0 
Engine room, working level, degrees F.. ..............seseeeeeeees 
Firerooms, working level, degrees F..................-cce00 eseeeeee 
CERES GIF, GOT vances ccca ticks cergeensonne FOPT SND Ronn tpi 

Smoke stacks, average, degrees F..............2. cesecescosescescevece a 

Fees ONE BO IIE, GOO FF ois cc is ecitsiescvese .kocesiesecnnsesonsceses 68.7 

SO Oh Ae I IID BE iscccntirs cones ssvitnesnpocssevasdsdcnbabicons 88.0 

ENE ne CII IIIS BF aces ca ensnresseveys nsecesuumboosionee 81.0 

WGIIE TOE COREE; GI Foci ass scvcc evn cecccccisciccssracccee 65.0 

Per cent. moisture, main steam line...............cccccscsesceessoees 3-5 


Revolutions, or double strokes, per minnte. 
observations. ) 


Average revolutions, shaft No. 1................csecceeececeeeeeees 390.5 
Wi cncuinndoee inauts dguetineee saan 330.6 
S  pcingscdiiiviatannadeesee savebioas 384.1 
Mean revolutions, both engines, per minute................... 368.4 
PRG SINE Baas fncsihiis sets vate sascacansncgsscécsesssequcneesooien 25.0 
COPCIIIERI, PERE TIIIE, aiicnccsicticccccrncsinsedossccososs 153.0 
POSE ..00000- debendings viptntitedeaiecsébescoukees 156.9 
I aoa in cat weadee dein sin dc Sod bac ound 13.0 

aie cerbasiv etn dactidedeuasasscoosesicesteeenaeages 


COO OT Heme ee ee THEE OE ween eee Ee eees HEE eeeee 





Drayton, 


228.0 
161.0 
77.0 
29.0 
8.4 
8.4 
1.5 
8.0 
28.4 
28.6 
4.1 
222 


§2.0 
85.0 
83.0 
204.0 
86.5 
94.9 
52.0 
828 


83.0 
79.0 


55-0 
2.0 


(Average of hourly 


393-9 
344.4 
393-4 
377-4 

27-4 
171.0 
162.0 

12.0 


27.0 
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Paulding. Drayton. 
Pumps, lubricating-oil, NO. 1......00......seseeceeeseeeeeseeeesees ‘ae 25.0 
© cg iiechabscoverssaateeusces: tpeuidies 24.0 
auxiliary condenser, air and circulating............ on des 
oil-cooler, circulating...............sssseee+ 17.0 31.2 
Blower empisses FOCWAL........0:.0000000008000 cneserscosvensvnscspeces 1,242.0 ae 
NIE a: i cncacicinsadanennanedssmeuensceummabaieny i 1,074.0 
Speed of ship, in knots per Hur. ..........ccecseeesseeeeseeeeeees 15.858 16,08 
Slip of propeller, in per cent. of its own speed, based on 
mean pitch : 
I Rs Bi cncchchevcnranncnn, tkbesessccincevnadbsesteoanetesaoeis 14.8 14.4 
BE Mics ncincainss cdeauupnabcuctoamuemivisdendeudeieadwerdaadaliies 0.58 2.1 
DRGs Bi ceccteteccscssigsescustsses opeunsees peccteconssassesaeues 13.4 14.3 
IE oscpscrcae! eunendcnctdcnspaiacerieesaindcndbcetoncnctaeeiee mbes 9.59 10.3 
Air pressure in firerooms, in inches of water, mean........ 4.2 3.1 
SHAFT HORSEPOWER. 
SE TIES, . cccnnnn: nnadactouctantsiciesdeiat ndescietetg mania 682.0 421.0 
DED. Bi ccncarccccccheiccsectsodsbbvccccndvabeotess vdeensecscedesdpsctes 181.0 419.0 
WG, Bsr scocenvas canevaserendbacce sccsaplensebsesevesponseesacnsetges 579.0 585.0 
Total S.H.P. from standardization Curve.........cceseeeeeeeees 1,442.0 1,425.0 
OIL. 
Kind and quality used on trial : 
Paraffin base, specific gravity........ seeessccceceeecereeeees 0.8759 0.8789 
flash poitt, degrees.............:c..ecceseee 252.0 260.0 
B.T.U. per pound Of Oil............r..ccccccesccscocece secoscees 19,659.0 19, 516.0 
POCEG, OE TINE aii. ccsksccasdecinssss seceeehed esénededesetens 2,853.5 2,554.7 
Meets run per tow OF Oils oi.ciis. sce cis ccc ccscsoventebeccces 12.5 14.1 
DEDUCED DATA. 
Square feet of heating surface per S.H.P..........csseseeeserees 3.3.49 3.22 
Pouieds of O85 gee GFE. Wir B06 goods toca nesasscovesstosssecessss 1.979 1.701 
Cooling surface (main condenser), square feet per S.H.P. 6.66 6.39 
WATER. 
Poumndia per Wik, COE ins. cevesasiccscesi napesvevecentaees 30,967.0 32,900.0 
(total) per hour per S.H.P. of main engines.... 21.475 21.91 
of water evaporated per pound of oil.............+ 10.85 12.88 
OEE hg AMIDE iaisensiciciccdtndsessctertenseousens + 12,500.00 *12,500.00 





* Approximate. Auxiliary exhaust open to M.H.P. turbine, 


TWELVE-HOURS’ TRIAL AT TWENTY-FIVE KNOTS. 


Paulding.—This trial was begun at 6.15 A. M. August 25, 


1g10, and ended at 6.15 P. M. the same day. 


The course was 


from Seguin Island to Cape Elizabeth, to Thatchers Island, 


81 
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thence to Cape Elizabeth and then to Seguin Island, and the 
run repeated. The weather was hazy, with moderate breeze 
from S.W. There was a light swell from southward. 

Average displacement, on trial, 712 tons. Mean draught 
on trial, 8 feet 2 inches. 

Drayton.—This trial was begun at 5.50 A. M. October 13, 
1g10, and ended at 5.50 P. M. the same day. The course was 
from Seguin Island to Thatchers Island, thence to Bar Harbor, 
and then back to Seguin Island. The weather was clear and 
pleasant, with light to moderate breezes from N.N.W. Sea 
smooth. 

Average displacement, on trial, 720 tons. Mean draught 
on trial, 8 feet .02;% inches. 


PERFORMANCE.—TWELVE-HOURS’ TRIAL AT TWENTY-FIVE 
KNOTS. 


Steam Pressures. (Average of hourly observations.) 
Paulding. Drayton. 


Average steam pressure of boilers, pounds gauge..........-..«. 250.0 255-0 
at engines, pounds gauge .............. 247.0 255.0 

M.H.P. turbine, pounds absolute. 115.0 116.7 

I.P. cruising turbine, pounds abs. 255.0 255.0 

starboard LP. turbine, lbs. abs... 23.0 23.3 

port L.P. turbine, pounds abs..... 25.0 23.9 

on turbine glands, pounds gauge..... 1.0 1.4 

auxiliary exhaust, pounds gauge. 4.0 6.7 

Vacuum in condensers, inches of mercury, starboard.......... 28.g 28.4 
Oise. cs ont ndedessss 29.2 28.8 

Pressure in lubricating-oil system, pounds gauge.........-..+0+ 5.0 4.5 
fuel-oil system, pounds gauge.............-....0.eeeees 221.0 262.0 


Temperatures. (Average of hourly observations.) 


SRNR, IG Fo vias cccs cc erkvonkdetenoce minbtesanio’ eee 62.0 3.6 
I NS iia sdckicoensrcnsssatnicnonncsarinescstalenccicesicaes 83.0 75.8 
I i GIN WF outers theddecsintnpsevccesives, 0iex cosooscontucsonéened 88.0 79.0 
water leaving heater, degrees F..................-cccssssssseseese 221.0 219.0 
Engine room, working level, degrees F................:.:sseseeeseeee 105.0 84.0 
Firerooms, working level, degrees F...................:s+seeessesseee a 75.0 
MI ION osakesvetinases casascrsesvents coéeennss -oreceres iiss Pun 44.0 
Smoke stacks, average, degrees F................0:+.cssscsessevves seveee ce 948 


Fuel oil to burners, degrees F...............ccsccce..-2++-ceesceee ~disnlaiiali 























T. B. DESTROYERS PAULDING AND DRAYTON. 1239 

Paulding. Drayton. 

CORE Si CO an 50s sce cece tpsiasad nilainieatoeee 92.0 92.2 
from oil cooler, degrees F................00+4 evap ec eeesbadeniaceeet 87.0 81.2 
Water from oil cooler, degrees F...........ccccscsscssceccseecereeceees 65.0 56.0 
Per cent. moisture, main steam line...............cc0cesecssccseesseees 3.951 1.1 


Revolutions, or double strokes, per minute. (Average of hourly 


observations. ) 
Average revolutions, shaft No. I...ccccc......scesseoes coccscsccese 668.42 660.4 
DG Bicasnsadontosdeolessenesevtbathocal 596.41 599.1 
WA Bi nine. dsc ccnvesenoavn acobmesdses 604.36 618.4 
BVOTEGO. 200s cc scsesucveseventemercoss 623.06 625.9 
Purine, wisies air, taTDORUG, 56... sa.cesiocssccwacesdoes cassoouan 28.0 30.9 
POLE .-.cccrccccccccccccoccccceccccccoses seccsecssece 26.0 30.5 
CHECHIOUINE,, CURED ORIG ssics-se scsi nisicinsincesockspaxeneeses 237.0 209.0 
RII ciiiss scunevesmersaccvetectnueboaimusiivoats 239.0 217.0 
SOOT, COPS, 6.50 ss Sovtcnciccesessnctonossincetsuseesasens 19.0 18.9 
IR cacvapelscecakctninccrtnntestscuccticvaevbnbkagdeiotia 18.0 16.8 
SI aiden sateotincdesidascaesscutbiosutnacateacicake 37.0 21.0 
lubricating-oil pump, No. I....scserseseeseeeseecee serene 48.0 24.2 
POD. Bocvcescsvasces. ecsasassaeeveds 
auxiliary condenser, air and circulating............. a ian 
O81-COGIEE CIS CIA DE 0.65 cnccotecesccccestsssoneseetsensne 51.0 43.5 
Dymam0e, 125. Volts, GI POTES «...2.6-.00 cssecsoseccccconsecoscoenee 30.0 35.6 
Forced-draft blower engines, forward............:sssscsseresees 1,338.0 1,319.0 
as chcacpncastdcsncensascaknacels 1,138.0 1,081.0 
Speed of ship, in knots per hour.. on a 25.308 25.13 
Slip of propeller, in per cent. of its own speed, based on 
mean pitch : 
A, Bivsccckins pe satsebaseyetcecciekhasonsendesncbanqepensdcankan 20.6 20.2 
TOG Bos cnnsecinvsocscovseeines tucase caves dvetootnns doseesncenis 16.0 12.1 
INO, 3....00sccccovcccccececcorccosecceeresecesovececes aceosee : 12.2 14.8 
Mean... whe os . senncsioeses 14.6 15.7 
Air pressise in | firerooms, in 5 inches of ontet, meani........- 4.1 3-5 
SHAFT HORSEPOWER. 
SSlaIE GE 6 iaitbanekneetcietr thectvericnnapa seetatitienthipessviveesodila 3,290.0 2,744.0 
WOO Biceveccddecincodascen'sckcuscbcorsesessc cer enpescinstaveendes iabaciaey Ngan. Gn 
WOO) Gcssavseden: siicevcersensesssssissenscoterdnecesnss sev ncsnecepontanes 2,096.0 2,287.0 
Total S.H.P. from standardization curve...............-.seeeeeseeees 7,210.0 7,209.0 
OIL. 
Kind and quality used on trial : 
Paraffin base, specific gravity...........scsesseeeseeeeeers 0.8789 0.8789 
RO rises ae 5 ns cnsegrvesta capusonaneis 260.0 260.0 
B.T.U. per pound Of Oil....0.......sccccceescceres cesseereeees 19,659.0 19,516.0 
Pounds used per HOur..........cccsccesssccceees sonseeeee eosees 8,497.0 7,967.8 
Knots run per ton Of Oil..............ccscccscsscsseseeees sates 6.67 7.1% 
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DEDUCED DATA. 


Square feet of heating surface per S.H.P. 
Pounds of oil per S.H.P. per hour.. 


2.01 2.01 
1.178 1.15 





Cooling surface (main condenser), square feet per S.H.P......... oo 5.338 1.932 
WATER. 

I NE, Cn en dah shtedtinn toh ssedtenicon: seicccees 105,630.0 104,725 
total per hour per S.H.P. of main engines.. 14.655 14.527 
evaporated per pound of Oil...............sscee0ee 12.43 13.14 
INES TI: siadsacen és ceccoen- stew cseresores 23,000 23,000* 





* Approximate. Auxiliaries exhausting into L.P. turbines. 


Notr.—The percentage of moisture was obtained with carpenter calorimeter. The per cent of 
moisture given is probably higher than actual, especially for Paulding. This is due to readings 
having been taken too quickly. 


DESCRIPTION OF THE HOPKINSON-THRING TORSION METER. 


The principle of this apparatus, designed by Professor Hopkinson and 
Mr. Thring, is a differential one, and consists in the observation of the 
twist between two adjacent points on the shaft by means of two beams 
of light projected on to a scale from a fixed and a movable mirror. 
The beam projected on the scale by the fixed mirror is taken as the 
zero point, while the beam projected by the movable mirror indicates 

















Fig. 1.—Torsion METER MOUNTED COMPLETE ON SHAFT. 


the amount of torque on the shaft. Joth mirrors revolve with the 
shaft, but even at moderate speeds the reflections appear as continuous 
lines of light across the scale. 

The Torsion Meter is shown in Fig. 1, mounted complete on a shaft, 
and the Scale Box in Fig. 2, while a diagrammatic arrangement of 


> 


the complete apparatus is shown in end elevation‘and plan in Figs. 3 

















T. B. DESTROYERS PAULDING AND DRAYTON. 





1241 


and 4 respectively. A collar A, clamped to the shaft of which the torque 
has to be measured, is provided with a flange projecting at right angles 
to the shaft and an extension (Fig. 3). 

\ sleeve B (Fig. 4), provided with a similar flange and extension at one 
end, is clamped at its further end on to the shaft in such a manner 
that its flange is close to that on the collar A, while its entension overlaps 
that of the collar A, on which it is supported to keep it concentric. Both 
the collar and sleeve are quite rigid, and it is obvious that when the 
shaft is twisted by the transmission of power, the flange on the sleeve 
B will move relatively to that on the collar A, the movement being equal 
to that between the two parts of the shaft on which these fittings are 
clamped. This movement is made visible by one or more systems of 
torque mirrors mounted between the two flanges, which reflect a beam 
of light, projected from a lantern, on to a scale divided in a suitable 
manner on ground glass. 

Each system of torque mirrors consists of a mounting, pivoted top 

















Fig. 2.—-ScaLe Box witH LAMP, FOR TORSION METER. 


and bottom on one or other of the flanges, in which two mirrors are 
arranged back to back. This mounting is provided with an arm, the end 
of which is connected by a flat spring to an adjustable stop on the other 
flange. Any relative movement of the two flanges will turn the torque 
mirror and thereby cause the beam of light to move on the scale, the 
deflection produced being directly proportional to the torque applied 
to the shaft. Hence, if the rigidity of the material and the number of 
revolutions per minute are known, the H.P. transmitted can be readily 
calculated. 

With the arrangement described, a reflection will be received from 
each mirror at every half revolution of the shaft; but where the torque 
varies during a revolution (as with reciprocating engines), a second 
system of mirrors may be arranged at right angles to the first system, 
so that four readings can be taken during one revolution; or, if two 
scales are used, eight readings can be taken. 

Fig. 3 shows how the beam of light reflected by the mirror when in its 
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highest position passes through the upper part of the scale; while the 
second reflection will occur when the mirror is in the position occupied 
by the zero mirror, the beam of light passing through the lower part of 
the scale. The position of the torque mirror in Fig. 4 is such that the 


TORQUE MIRROR 
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reflected beam strikes the scale to the right of the zero line, but when the 
shaft has made a further half revolution, the reflected beam from the other 
mirror will strike the scale to the left of the zero line. Obviously the 
deflection on both sides should be equal. 








SLEEVE B 


Fig. 4. 














The fixed mirror is attached to one of the flanges (in Fig. 4 to the 
flange of the sleeve B). This must be adjusted so that the beam of light 
reflected from it is received at the same point on the scale as those from 
the movable mirrors when there is no torque on the shaft. To facilitate 
the erection and adjustment of the apparatus, the box containing the scale 
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and carrying the lamp is fitted with trunnions, so that it can be inclined 
as required. 

If the position of the apparatus becomes altered relatively to the scale 
owing to the warming up of the shaft or from other causes, this is 
indicated immediately to the observer by an alteration in the position 
of the zero as reflected by the fixed mirror. Hence, the zero can be 
adjusted by moving the scale so that its zero coincides with the reflection 
from the fixed mirror. It will be obvious that it is not necessary to move 
the scale, as the mean of the two readings will be the same. It will 
readily be understood that a movement of the torque mirrors can only 
occur through a relative movement of the two flanges, so that vibration 
of the shaft or of the ship will not influence the readings. 

The constant of the instrument, viz., the factor which, when multiplied 
or divided into the product of the torsion-meter reading and the 
revolutions, gives the horsepower, may be calculated within 2 or 3 per 
cent., if the section of shaft within the instrument is uniform. A direct 
calibration of the shaft with the instrument in position is recommended 
before the former is put into the ship. This is effected readily by 
applying a known twisting couple. 














C#UISER DIXIE. 


THE CRUISER DIXIE; TENDER TO THE ATLANTIC 
TORPEDO FLEET. 


THE LATEST TYPE OF NAVAL AUXILIARY. 


By LIEUTENANT Pau Forty, U. S. Navy, COMMANDING. 


The cruiser Dixie, familiar to all shipping men before her 
acquisition by the Government at the time of the Spanish War 
as the Morgan Line Steamer E/ Rio, has been refitted for 
special duty as tender to the Atlantic Torpedo Fleet. 

The purpose in view has been to produce a vessel that will 
satisfy all the needs of a fleet of fifteen or more sea-going 
destroyers in the matter of repairs, general ship supplies, food, 
clothing and, to a limited extent, conveniences, for extended 
periods of time, in order to make it possible for the torpedo 
fleet to accompany the battleship fleet, and all times to operate 
with the fleet, without at any time being a handicap to the 
fleet. Involving an organization of two thousand men, and 
aggregating over two hundred thousand horsepower, more 
than the combined power of the heavy fleet, the solution of 
this ambitious problem has meant in effect the production of 
a floating navy yard. 

The general characteristics of the Dixie lend themselves 
readily to the special requirements of her new duty. She is a 
vessel of six thousand tons displacement and twenty-two feet 
maximum draught, having a sustained cruising speed of fif- 
teen knots and a cruising radius at that speed of about six 
thousand miles. Four hundred feet of parallel side, clear of 
projections, and protected by heavy vertical wooden fenders, 
permits the landing alongside without the slightest danger to 
destroyers which are themselves nearly three hundred feet in 
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length, while the single screw eliminates any possibility of 
bilging on a projecting propeller blade. 

Internally the vessel presents a succession of one magnifi- 
cent clear deck, and one magnificent storeroom, magazine, 
or hold after another, all disposed so fortuitously as to sug- 
gest in themselves special purposes to which they might be 
adapted. It is convenient, however, to consider the special 
features that have been incorporated therein with reference 
to the purpose they are intended to serve rather than with 
reference to situation or relative position in the ship) They 
group themselves naturally under the heads of Repairs and 
Supplies. 

The machine shop is the biggest and most impressive single 
feature of the repair department. Located on the after berth 
deck, a compartment one hundred feet in length, extending 
the full width of the ship, and having a head room of ten feet, 
this shop contains twenty-six of the most modern high-grade 
machine tools, each independent motor-driven, and in their 
range covering every mechanical operation. The machines 
are arranged in four parallel lines, fore and aft, with lines of 
work benches at the outboard sides. There is a large slotted 
erecting slab and ample floor space for laying off work, swing- 
ing torpedoes and similar operations. Air ports on either 
side placed high enough to be kept open when at anchor 
illuminate the deck sufficiently by day to render artificial 
illumination unnecessary. It is provided, however, by a num- 
ber of cluster lights fitted with porcelain reflectors and ar- 
ranged in parallel lines so placed with reference to the lines 
of machines as to reduce shadow casting to a minimum. The 
cluster of lights are supplemented by drop lights in sufficient 
number at each machine. Mercury-vapor lights were not in- 
stalled on account of lack of head room, which is just about 
sufficient to produce all the glare of that type of light without 
any of its softening effect. 

Photographs or a mere enumeration of tools convey very 
little idea of the splendid sufficiency of this shop, which chal- 
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lenges the admiration of all visitors as being one of the most 
complete and modern small repair plants in the United States. 
The combination of the utility of the factory with the dis- 
cipline of the man-of-war is unique in the march of naval 
progress. The complete machine-tool equipment comprises 
the following tools: 5 Hendey-Norton lathes of various 
swings from twelve to twenty-four inches; 1 Harrington gap 
lathe, 48-inch swing and 18 feet bed; 1 37-inch Niles vertical 
boring mill; 1 24-inch Woodward and Powell planer, with 
variable speed drive; 1 No. 4 Dresser universal radial drill; 
1 24-inch Cincinnati crank shaper; 1 16-inch Cincinnati crank 
shaper; 1 Niles horizontal boring mill; 1 Hendey-Norton uni- 
versal milling machine with all attachments; 1 Bridgeport 
combination wet and dry grinder; 1 Bridgeport buffing lathe; 
i No. 4 Bignall and Keeler pipe and bolt-cutting and thread- 
ing machine; 1 Badger State bench punch and shear; 1 Green- 
ard mandrel press; 1 Hisey-Wolf portable tool-post grinder ; 
1 Cochrane and Bly cold saw; 1 Power hack saw; 1 Hendey- 
Norton centering machine; 1 28-inch Barnes upright drill. 

The tool rooms are very conveniently located just below the 
machine shop, and are equipped in accordance with the most 
modern shop practice in this particular. 

The blacksmith and coppersmith shops are located at the 
after end of the machine shop, where the deck is covered with 
granolithic cement to protect it from fire. In addition to the 
usual equipment of such shops there are two Mircs oil-fuel 
forges, a Hauk burner; a tool dressing and forging hammer, 
operated by air; and bending rolls for sheet-metal work; also 
a Hilles and Jones, single-end punch and shear, capable of 
shearing metal up to one inch in thickness. 

The compressor room is located on the starboard side of 
the ship, forward of the machine shop, and is equipped for 
supplying both high and low-pressure air. All air compres- 
sors are steam-driven, and connected to an independent auxil- 
iary condenser in the engine room. Low-pressure air, 125 
pounds or less, is furnished by two Westinghouse vertical 
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units in sufficient volume to operate the steam hammer, oil- 
fuel forges, brass melting furnace, and also for the various 
pneumatic hammers, drills, etc., which are in more or less 
constant use throughout the ship. The air is also piped to the 
sides of the ship where it becomes available for blowing boiler 
tubes. High-pressure air is furnished by a large three-stage 
air compressor, weighing some eighteen thousand pounds, and 
specially manufactured for this purpose by the Norwalk Iron 
Works. This compressor will at easy performance compress 
twelve cubic feet of air, the capacity of the largest torpedoes 
now manufactured, to 2,500 pounds per square inch in fifteen 
minutes. High-pressure air connections are also extended to 
the sides of the ship, and accumulators sufficient to charge 
four torpedoes are fitted. 

The torpedo testing and repair shop, adjoining the com- 
pressor room, contains a Rivett precision lathe, with milling 
attachments, gear cutters and turret; all capable of doing the 
finest grade of precision work. There is also a Knecht fric- 
tion sensitive drill, and a buffing lathe, and appurtenances for 
testing and adjusting the several special mechanisms of all 
types of torpedoes. 

Conveniently placed with reference to the testing room there 
is an above-water launching tube; while in the magazine space 
below stowage is provided for a hundred or more spare tor- 
pedoes with their war heads. 

Positive-acting lifting apparatus is provided for lifting the 
weapons from the deck of a destroyer, and trolleys for hand- 
ling them in the ship. 

A portable house for testing gyroscopes ashore in isolated 
places is at hand. 

The general object of this extensive torpedo: equipment is 
to make it possible for destroyers to place their torpedoes in 
condition independently of other occupations, as scouting or 
steaming trials. 

The brass and iron foundry is located on the spar deck 
amidships, as near the center of motion of the ship as possible. 
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It contains an iron cupola, capable of melting two thousand 
pounds of iron per hour; a Mires oil-fuel crucible furnace; a 
gasoline preheater, and a complete thermit casting and weld- 
ing outfit. The discharge from the cupola leads directly into 
the main smoke pipe of the ship, and is a very convenient 
method of taking care of the gases and eliminating danger of 
fire. 

A convincing illustration of the possibilities for usefulness 
of the tender as well as of the sufficiency of its equipment was 
afforded in the successful welding on board that vessel across 
a bearing surface of a fractured blower shaft belonging to the 
destroyer Reid and broken during the final acceptance trial 
of that vessel at Pensacola, Florida. The broken shaft was 
welded by the thermit process, restored to its original con- 
dition of usefulness and refitted in the vessel in seventy-eight 
hours, at a total cost, including material and labor, of thirty- 
three dollars. The nearest practicable source of supply for a 
new shaft would have been Bath, Maine, where the vessel was 
built. 

This operation, which was one of the most exacting ever 
attempted by the thermit process, was described in the August 
number of the JOURNAL, accompanied by photographs show- 
ing the various steps in the operation. 

The shaft was a single-crank solid-forged shaft, turning on 
a vertical axis at nine hundred revolutions per minute. It 
was 40 inches long, and 24 inches in diameter, with an axial 
hole for internal oil circulation. Complete fracture had oc- 
curred about eleven inches from the fan end, across a bearing 
surface. 

The conditions to be satisfied thus were: to recover, and 
maintain the axial alignment of the two pieces of the hollow 
shaft; to preserve the over-all dimensions of the shaft mathe- 
matically exact, one end being fitted with thrust collars, and 
the other end being a tapered seat; to avoid burning the metal 
contiguous to the butts, as the welded metal had subsequently 
to be turned down to a true bearing surface; and, finally, after 
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welding, to rebore the axial oil hole, with an additional radial 
oil hole directly through the weld. 

When it is considered that this shaft carried a fan six feet 
in diameter and turning at nine hundred revolutions per 
minute in a casing 1/16-inch clearance, it will be appreciated 
that the recovery of centers must have been accurate to a very 
precise degree; and also from an inspection of the photograph 
that while it was comparatively easy to align the two bearing 
surfaces on each side of the crank with each other, to align 
the taper bearing with both was a very different matter. 

The operation was entirely successful. The Reid, after 
steaming about two thousand miles with the welded shaft, 
transferred it to the Flusser, a sister vessel, in which it has been 
in constant operation during all the standardization trials, on 
the Rockland, Provincetown and Delaware Breakwater 
courses, during the course of which the vessels have frequently 
been forced to speeds above thirty-three knots. 

All shop operations are controlled by a simple but thor- 
oughly efficient card-index and cost-accounting system, by 
means of which any stranger can at any time ascertain the 
work in progress or the record of completed work for each 
vessel, including the names of the mechanics, the machines 
and materials used and the cost. The record of every ma- 
chine tool, showing the actual time it has been in operation 
from day to day and for what purpose, can be ascertained in 
the time that it takes to read a card. 

There is no considerable force of mechanics regularly as- 
signed to the repair force, as might be expected, the idea being 
that the mechanics of the several vessels will do their own 
work, using the shop facilities extended by the tender. Much 
can be said for and against this system. It reduces to a bal- 
ance between the education of the enlisted personnel on the 
one hand, and more or less frequent damage to tools on the 
other. In torpedo-boat repair work, which is almost always 
“ hurry-up” work, and frequently “ rush” work, the system 
which eliminates explanation more or less misunderstood, and 
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pictures more or less inaccurate by sending the man who 
knows directly to the machine where he becomes responsible 
for his own failures, tend to expedite production in no uncer- 
tain way. It has a very material disadvantage, however, in 
that such a system could hardly obtain in time of war, and 
therefore it should not obtain in time of peace. 

The equipment of the supply department is quite as elab- 
orate as that in the repair department, and includes both com- 
missary and general ship’s stores. In connection with the 
former there is a cold-storage plant having a capacity of 
something like forty thousand rations of fresh meat; while 
the dry provisions and clothing store rooms are of indefinite 
size and capacity. In the matter of provisions the vessel is, 
of course, designed to subsist men under war conditions, that 
is to supply the necessities rather than the luxuries of life, but 
the system of centralized supply is so attractive in the matter 
of convenience, quality and cost, that even on the Atlantic 
Coast the destroyers subsist almost entirely from the tender. 
There are two electric bake ovens having a combined capacity 
of about eight hundred loaves of bread a day. These bake 
ovens are the latest expression of development in electric 
cooking appliances, and while similar ones are projected for 
the new 26,000-ton battleship, the Dixie is at the moment the 
only vessel in the Navy so equipped. Careful tests made un- 
der service conditions warrant the statement that the electric 
oven is equally if not more economical than the coal-burning 
oven; that is, that for one hundred pounds of coal more bread 
can be baked in the electric oven and baked in faster time than 
can be baked in the coal oven. The superiority of the product 
is, of course, marked, and this combined with the entire ab- 
sence of dirt, coal dust and all the attendant troubles of coal 
makes the electric installation very attractive. An electric 
range has also been installed for test in the officers’ galley, but 
at the moment no information as to its efficiency and reliabil- 
ity is at hand. 

The system of “ finding’ vessels in the matter of general 
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ship supplies in accordance with a prescribed allowance list 
or lists which themselves represented the accumulated ac- 
cretion of years, was, for motives of economy and saving of 
weight, abandoned about two years ago, and all such vessels 
are now operated on a money allowance. The commanding 
officer of the ship is in effect given a letter of credit on the 
fleet paymaster, within the limits of which he is practically the 
sole arbiter of the kind and quantity of material drawn. 
Should the account be overdrawn, however, the supply auto- 
matically stops and nothing further can be drawn without 
authority from the Navy Department. The possibilities for 
economy and efficiency of administration opened up under 
such a system are manifestly very great. It necessitates, how- 
ever, the establishment on the tender of a centralized store 
house containing a large reserve supply of stores. This cen- 
tralized store, known in the naval service as the Naval Supply 
Fund, has reached in the Dixie its highest state of develop- 
ment afloat. The stock carried includes every item of ship 
equipment known in the naval establishment, all housed and 
administered under the most modern business methods, re- 
ducing paper work of every description to a minimum, and 
inaintaining the entire stock, which aggregates over three 
hundred and fifty thousand dollars, and comprises over five 
thousand sepatate items independent of the personality of 
any individual or combination of individuals. So complete 
and withal so simple are the accounting methods in use that 
a balance for quantity or value or both can be struck at any 
moment. 

In conjunction with the naval supply fund there has been 
issued a catalogue showing the name, naval classification, unit 
of sale and estimated price of every item of stock, with such 
explanatory remarks in the case of each item as may be neces- 
sary to establish a connection between the unit of sale and 
the unit of use, which frequently are widely divergent. Sheet 
metal, for instance, is sold by the pound, but used by the 
square foot; and for economic administration there must ob- 
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viously be something to tell the purchaser how many square 
feet there are in a pound. As a further convenience, catalogue 
numbers have been assigned to each item of stock. It will be 
appreciated that ordering by numbers avoids considerable de- 
tailed description, especially in connection with bolts and nuts, 
machine screws and similar material. 

In view of the practice of other navies, notably the British, 
there may exist a doubt as to whether the Dixie, on account 
of her comparatively low speed and light battery is the proper 
type of ship to have fitted for this duty. The answer seems 
to be “ Yes.” If sigh speed could have been obtained with- 
out sacrificing something else, it might have been of some ad- 
vantage ; but a study of the conditions likely to obtain in time 
of war points to the conclusion that no higher speed than that 
of the battleship fleet is necessary, as it does not seem within 
the probabilities of war that a destroyer fleet will get beyond 
the supporting distance either of its protected base or of the 
battleship fleet. The proper place for the tender will be either 
at the base or with the fleet auxiliaries, and not operating in 
actual company with the destroyers. 

Of the battery also—ten three-inch guns, all placed on the 





spar deck, which may be objected to by some as inadequate 
it may be said that qualities in themselves intrinsically desir- 
#ble are considered of less value in a tender than other qual- 
ities, store-room space for example, which they would, if 
included, necessarily exclude. In the case of the Dixie, how- 
ever, the armament is supplemented by a complete outfit of 
naval-defense mines used for protecting anchorages, and of 
counter-mines. : 

Almost two years have been spent in this great constructive 
effort, not the least interesting feature of which is the fact 
that, with the exception of scattered items of minor im- 
portance, the equipment has been projected and effected en- 
tirely by the enlisted personnel under the supervision of the 
ship’s officers, and have been developed coincident with and 


in addition to other activities. On the Atlantic coast. where 
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vessels are never log separated from the great centers of 
food and material supply, the tremendous military asset em- 
bodied in the tender or mobile base is somewhat obscured. It 
will remain for an extended over-sea cruise to develop to the 
fullest extent the inherent possibilities, and to emphasize the 
fact that as she floats to-day the Dixie is one of the most 
useful auxiliaries not only in our own navy, but in any navy. 
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EXPERIMENTAL-STATION REPORTS. 


MONEL METAL.—RESISTANCE TO CORROSIVE EFFECT OF 
SEA WATER.—CORROSIVE EFFECT ON IRON AND 
STEEL WHEN IN ELECTRICAL CONTACT 
IN SEA WATER. 


Monel Metal: Corrosion of Iron Electrically Connected with; 
and Difference of Potential. 


Apparatus.—A glass jar filled with Severn river water 
containing 400 grains chlorine per gallon, a Leeds & Nor- 
thrup potentiometer, a galvanometer, standard cell and re- 
sistance box, a stand for carrying the wires and jar, two wires 
for connecting test pieces to potentiometer with a switch for 
short circuiting the current, test pieces, a polished rectangu- 
lar bar of Monel metal with a wire soldered into one end for 
the positive electrode and a polished round bar of wrought 
iron with wire for negative electrode. 

Chemical analysis of Monel metal bar : 


Nickel, . ‘ ‘ ; 73-9 
Copper, , ; ; 25:7 
Iron, . ‘ : . : 0.4 


Wrought-iron bar, common—Navy specifications. 

Connected electrodes to potentiometer after having care- 
fully cleaned, dried and weighed them at 3:50 P. M., January 
18, 1910; placed them in Severn river water in glass jars, 
the immersed area of each electrode being about the same. 
Kept these two pieces electrically connected, either through 
potentiometer or short-circuit switch, for ten days, until 3:50 
P. M. on June 28th, when removed pieces from water. Meas- 
ured difference of potential at intervals, as follows: 
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Weight of test 


Jan. 18th. 
Monel metal, 110.359 
Wrought iron, 155-93 


Loss in eleven days, gram, 
ten days, gram, 


alone in 10 days, gram, 


4 bars, cast, 30 ins. > 
2 bars, rolled, 60 ins. > 
2 bars, drawn, 60 ins. 


(2 ins. 
. 2 ins. 
Co fi in. 


inch 
brushed and weighed 


IgIO. 
times the other piece. 








Date. 
Jan. 18, 4:00 P. M. to 4:30 P. 
I9, 2:30 P. M. to 4:20 P. 
20, 10:00 A. M. to 4:30 P. 


21, 9:30 A.M. to 3:30 P. 
28, 3:10 P. M. to 3:50 P. 


<o} in. 


them, 
through a potentiometer, using Severn river water containing 
400 grains Cl per gallon as electrolyte, at 12:10, February 12, 
At times one piece would be negative and at other 
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Number of 
readings. 


M. 7 
M. 6 
M. 8 
M. 6 
M. 5 


pieces, grams. 
Jan. 28th. 


I10.359 
155-80 


having carefully cleaned, dried and weighed it. 


Weight on February 3d, grams, 
14th, grams, 


connected ~ Monel in 10 dom grain, 


due to presence of Monel, in ro deve, gram, . 
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Average 
difference of 
potential. 
-30728 
.46602 
51227 
.50470 
-49905 
Loss in 10 days, 
grams. 


.O 


-13 


Repolished wrought-iron piece and replaced in same water, 
immersed the same depth, on February 3d at 2:15 


P. M., after 


134.0778 
133.9811 
.0967 
.0879 
.1300 
.0879 
.0421 


On January 21st there was received Monel metal as follows: 
Composition. 

Cu 24.76, Ni 70.5, Fe 5.24 

Xofsin. Cu 25.86, Ni 72.1, Fe 2.04 


Cu 26.52, Ni 72.6, Fe 0.88 


From the rolled bars cut two identical strips, 2 inches x 0} 
xo} inch, marked them A and B and polished them, 
connected them 


electrically 


Connected these pieces together with a copper wire, im- 
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mersed them in Severn river water to ;'; inch of upper ends 
in an agateware boiler and placed boiler on electric heater on 
February 12, 1910. Each day would boil the water from two 
to six hours, following it up with additional water from the 
river to make up for that boiled away. 

On February 21st removed these pieces, cleaned and dried 
them ; discovered that on the rolled sides and ends of each 
piece the surface was a network of fine cracks, as if the sur- 
face had checked during rolling. These were not noticed 
when the pieces were first put in, the dust from the polisher 
evidently filling them up, making a smooth surface. 


Weight, in grams. Loss in 9 
Feb. 12th. Feb. 21st. days. 
| eee 57-5389 0.9123 gms. 


Sie By. so es CBOE 59.0989 1.062 gms. 


Replaced them and boiled water, at times letting it boil 
dry, until March 2d. 


Weight, in grams. Loss in 9 
Feb. 2ist. March 2d. days. 
Sam A, sve 6 os gee 57-5253 0.0136 gms. 
mime BR, . .. « + -gpegte 59.0923 0.0066 gms. 
Replaced them, boiled, as above, until March 11th. 
Weight, in grams. Loss in 9 
March 2d. March 11th. days. 
eR, .. ans ss See 57-5103 0.015 gms. 


eee +o ot ee, SE 59-0774 0.0149 gms. 


Replaced them, but did not boil water. Weighed again on 
March 2oth. 


Weight, in grams. Loss in 18 
March 11th. March 29th. days. 
Stsip A, . +. v- + §7.§103 57-5081 0.0022 gms. 
Bete. 6s ae eee 59.0758 0.0016 gms. 


Replaced them, boiled them six hours a day for next five 
days, then allowed to stand, keeping water up to mark by 
filling up to take place of that evaporated, until May 5th, 
when removed pieces and weighed them. 
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Weight, in grams. Loss in 37 

March 29th. May sth. days. 
Cee ie ss a ee ee 57-4952 0.0129 gms. 
Swen, . « « ,... sere 59-0561 0.0197 gms. 
Weight, in grams. Loss in 82. Per cent. 

Feb, 12th. May 5th. days. weight. 

Strip A, . . . . 5§8.4512 57.4952 0.9560 1.634 


Strip B, . . . . 60.1609 59.0561 1.1048 1.836 


Of this loss of 1.634 and 1.836 in eighty-two days, a loss of 
1.56 per cent. and 1.76 per cent., respectively, occurred in the 
first nine days. It is believed that the excessive loss is due to 
the cracks in the rolled side and ends having been filled with 
dust well worked in by the polisher, and that the action of 
the water removed the dust, causing this excessive loss of 
weight on first trial. 

The heated pieces, after eighty-two days, were smooth and 
even, showed no pitting or visible signs of corrosion, the sur- 
face being still bright; the only evidence of any corrosion 
having taken place was the loss of weight and a light grayish 
scale that was easily brushed off, leaving metal bright under it. 

The difference of potential and the current between rolled, 
cast and drawn Monel of above compositions and samples of 
steel boiler plate, wrought iron and grate-bar cast iron of Bu- 
reau specifications is about two-thirds that between copper 
and brass and the same respective specimens of the iron 
family, tried on the same wires, in the same solution, and in 
every way the tests were similar. 

Pieces of cast and rolled Monel metal, copper and brass, 
numbered Cm1, Rm2 and Cmz2, C1, C2, Br and B2 were 
placed on pieces of steel boiler plate numbered $3, S4, S1o, 
S1, S2, S5 and S6, respectively, on the bottom of glass fruit 
jars filled to top with distilled water, except Cmz2 on Sr1o, 
which was filled with clear saturated solution. of lime water, 
pieces of steel being the same distance from surface of water 
under the same area of opening, all steel pieces being the 
same size; Monel, copper and brass pieces being of same 
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breadth and length but of varying thickness, steel pieces Sr, 
S5 and Sro being polished, others having mill scale on two 
sides, planed on edges. 

At the same time placed one steel piece, S1, polished, and 
one piece, $12, with mill scale in jars alone. 

Pieces placed in open jars under distilled water, on April 
25,1910, arranged as follows : 


St under Cr Sr polished Distilled water ; 
S2 under C2 $2 with mill scale Distilled water ; 
S3 under Cm1 $3 with mill scale Distilled water ; 
S4 under Rm2 S4 with mill scale Distilled water ; 


Ss5 under Br S5 polished Distilled water ; 
S6 under B2  S6 with mill scale Distilled water ; 
Sr1o under Cm2 Sro polished Clear solution lime water; 
Sg alone Sg polished Distilled water ; 
S12 alone $12 with mill scale Distilled water. 


The loss of S2 under copper, S3 under cast Monel, S4 
under rolled Monel, S6 under brass, are comparable, and the 
increase over that on S12 may be taken as the loss due to 
presence of metal electronegative to steel on steel with mill 
scale. The loss on Sr under copper and S5 under brass can 
be compared with that on Sg, showing loss due to metals 
negative to polished steel. 


Area, | Weight, in grams. Loss ny Loss 
gj Weight 
Y | square per 2 per 
m= | . , ada May 24. |.*':; 
* | inches. Mar. 25. | Apr. 24. sq. in. . sq. in. 


St |7.14292 96.5029 95.3718 .0184 96.2450 .0178 
S2 | 7.14292, 99.2325 | 99.0406 .0269 98.8831 .0221 
S3 | 7.25750 99.6073 | 99.4256 .0251 99.2380  .0259 
S4 | 7.27792 | 100.9482 | 100.8204 .0175 100.6640  .0214 
Ss | 7.06805 94.9228 | 94.7879 .0190 94.6508 .0193 
S6 | 7.04339) 97.0213 | 96.8292 .0273 96.6674 | .0230 
S10 7.30550 98.8737 | 98.8381 .004g 98.8346 | .0005 
Sg | 7-08729) 94.5736 | 94.5736 .0152 94.4511 | .0173 
S12) 7.13728 98.3234 | 98.3234 .0125 98.1839  .O195 










































EXPERIMENTAL-STATION REPORTS. 


A section of a Monel condenser tube was buffed all over 
and subjected to a ferroxyl test, showing a positive copper 
reaction on the outer surface of the tube, with small rust 
spots like iron rust, and a negative reaction all over the inside 
surface. Another section of this tube annealed dead soft, and 
a section hard as received, were placed in a box, and the dis- 
charge from the auxiliary condenser circulating pump di- 
rected through the inside of tubes, the outside being exposed 
to river water at high tide and to air at low tide, and have 
been subjected to this treatment from March 21st to April 
21st and from April 29th-to May 29th. The inside surface 
of these tubes shows perfectly bright, while the outside shows 
small pitted spots, as shown on the ferroxyl, though the 
annealed tubes show far less pits and corrosion than do the 


unannealed ones. 
Conclusions. 


While the results of the various tests varied considerably 
aiong themselves, it is evident, as a general proposition, that 
under the conditions of the tests Monel metal is less corrodi- 
ble than iron or steel; practically non-corrodible in their 
presence. Also that the galvanic action arising from the use 
of this metal in contact with iron or steel in river water was 
less than when brass or copper were used in the same way, in 
the ratio of about 3 to 2. 


USE OF GRAPHITE AS A CYLINDER LUBRICANT WITH 
SUPERHEATED STEAM, 


Experiments were recently made to determine the suita- 
bility of liquid graphite for cylinder lubrication with super- 
heated steam, to the exclusion of cylinder oil. 

An engine was fitted up for these tests, all parts being 
thoroughly overhauled, and valve seat, cylinder, valves and 
piston all carefully refitted with new parts where necessary. 
The engine was used to drive the reversed runner of a circu- 
lating pump, this arrangement forming a brake. 

Four-hour tests were first made, with saturated steam, the 
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engine cylinder being lubricated on the first test with vase- 
line, on the second test with cylinder oil, and on the third 
test with liquid graphite. Indicator cards were taken at the 
end of each test and data were taken every fifteen minutes. 

After the above series of tests was concluded additional 
tests with superheated steam were made, under as nearly as 
possible the same conditions. The results of all these tests 
are given in Table I. 

Examination of the above table indicates that, with satu- 
rated steam, liquid graphite forms a suitable lubricant for 
engine cylinders, but the revolutions per minute and the 
horsepower obtained with practically the same steam pressure 
as in the other tests were perceptibly less. 

Using superheated steam, the graphite proved to be unsuit- 
able, as the tests in each case were terminated by the breaking 
of some part of the valve gear. The engine worked perfectly 
with superheated steam, using cylinder oil or vaseline lubri- 
cant. 

The graphite lubricant was tried in the station gasoline 
launch, which is fitted with a 4-cycle 2-cylinder engine, 
making 368 revolutions with forced lubrication. This test 
had to be given up, as the graphite did not lubricate the cyl- 
inder and the engine did not work properly. 


EFFECT OF GRAPHITE ON THE CORROSION OF STEEL. 


Tests to determine the corrosive effect of graphite and 
water were made, as follows: 

A number of 8-ounce glass-stoppered bottles were used, in 
each of which 200 c.c. of water was placed. In ten of the 
bottles distilled water was used, and in ten others sea water 
with chlorine concentration of 1,000 grains per gallon. To 
the distilled water in one bottle 20 c.c. of liquid graphite was 
added. In another bottle ro c.c., in another 5 c.c., and ina 
fourth 2$.c.c. The fifth bottle contained only distilled water. 
These bottles will be designated as those containing sample 
No. I. 
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The same number of bottles was prepared in the same 
manner, with another sample of the graphite, which will be 
designated as sample No. 2. These two sets of bottles were 
duplicated, using sea water instead of distilled water. 

In each of the bottles as above prepared a piece of steel 
boiler plate 1 inch by } inch by ,*; inch was laid flat on the 
bottom. In the bottles containing 20 c.c. of graphite solu- 
tion the piece was covered. In those containing Io c.c. it 
was covered to about three-fourths its thickness, and in those 
containing 5 c.c. it covered the piece to about three-eighths 
its thickness. Those containing 2} c.c. covered the bottom 
only. 

The results obtained in these tests are indicated in Table II. 


Conclusions from the above Tests. 


1st. Graphite is not a good cylinder lubricant for super- 
heated steam. 

2d. It is not a good cylinder lubricant for gasoline engines. 

3d. Graphite in water doubles and sometimes trebles the 
corrosive effect of the water, and should not be used on boiler 
manhole or handhole gaskets nor in any place where it can 
lodge in pockets in combination with water. 


EDITORIAL NOTE.—The conclusions as to the use of 
graphite based on the above experiments are of great interest. 
Graphite, in order to make a successful lubricant for engine 
cylinders of any type, must be introduced in such manner 
that it will effectually reach the surfaces to be lubricated. 
The difficulty in so introducing it has been the principal bar 
to its use. In this connection an article published in the 
February 23, 1909, number of “ Power and the Engineer” is 
so pertinent that we reproduce it in full: 


GRAPHITE AS A LUBRICANT FOR GAS-ENGINE CYLINDERS. 
By WALTER N. DURANT. 


Becoming interested in the above subject and having access to a new 6- 
horsepower horizontal engine, using city gas for fuel, I determined to make 
some experiments. Finding it impossible to mix graphite and oil and feed 
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it through the ordinary lubricator, the experiments were confined to feed- 
ing the graphite dry through the air intake and continuing the use of 
cylinder oil through the lubricator, At first about an ounce of graphite was 
fed through the air intake at short intervals, but after each charge the en- 
gine would show increased internal friction ; however, it would quickly pick 
up and then appear to run smoother than before. The quantity of graphite 
was reduced, and it was soon found that the best results were obtained when 
the engine was not given more graphite than could be consumed in the 
cylinder, or about ,;'; to 4 ounce per horsepower in a ten-hour run. This 
amount should not be fed all at once, but distributed as evenly as possible 
throughout the ten hours. 

The experimenting extended over a period of four months, and during 
that time the engine was given some severe tests. The spark plug was al- 
ways in good condition and never missed fire or became carbonized or short- 
circuited. The cylinder and valves were frequently examined; the latter 
were in fine condition and the cylinder did not show a sign of a scratch, but 
had that smooth, duil appearance which indicates the absence of friction. 
Unfortunately it was impossible to determine the amount of fuel saved by 
the use of graphite, as the engine was under a constantly varying load. 

Desiring to know what others thought of graphite as a cylinder lubricant, 
I wrote to forty-five prominent gas-engine manufacturers, asking if they 
recommended its use in their engine cylinders. The majority of. replies 
stated that the writers had none, or very little personal experience, and de- 
clined to express an opinion. The answers containing advice were interest- 
ing, but rather conflicting, and no information could be gained from a reply 
like this : 

‘*It is not customary with us to use graphite in the engine cylinders, 
although we sometimes use a little.’’ 

The following is a little more explicit : 

‘* The great trouble with graphite is to apply it properly, so as not to plug 
the rings and make them stick. If properly applied, however, graphite is 
indeed an ideal method of lubrication, but, of course, must be used with oil.’’ 

A prominent firm making high-grade auto engines writes : 

‘*We would recommend the use of graphite once in a while in your crank 
case. Same willdonoharm. It has a tendency to close the pores of your 
cylinder and polish same up so as to increase the compression. It is a good 
thing.”’ 

A large marine gasoline motor manufacturer also says : 

‘*Smear the cylinder walls with it. Once a month is often enough to do 
this. Of course, in addition the regular amount of oil should be fed through 
the multiple oiler. Graphite will help to retain good compression.”’ 

Another well known gas-engine company writes : 

‘* We use more or less graphite in connection with lubrication, and where 
properly used much better results can be secured than with lubricating oil 
alone. If the cylinder has been allowed to cut slightly because of Jack of oil 
there is nothing that will put it in shape so quickly as the use of graphite. 
Where good flake graphite can be mixed with oil and fed to the cylinder 
good lubrication is certain.’’ 
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The manager of a large company making gasoline marine engines writes : 

‘*We consider graphite the best lubricant in the world for gas-engine 
cylinders. The trouble in using it is in getting it into the cylinder. So far 
no satisfactory means have been devised. We think so much of the lubri- 
cating qualities of graphite in cylinders that we make it a rule thoroughly q 
to coat the inside of every cylinder with it before sending our engines out 
from the factory. If one of our customers should ask us the question we 
would tell him to use it by all means if he could get it into the cylinder.” 

A New York City builder says : 

‘* We think graphite lubrication is very good provided you have the proper 
means for furnishing the graphite in the required and constant quantity so 
that it will reach the parts to be lubricated.”’ } 

The objections to its use were: ‘‘ Forms lumpy spots on valve seats. Has 
a tendency to carbonize spark plugs. The expense in using it would over- | 
come the advantages.”’ 

Nearly all of the firms which did not recommend the use of graphite 
pointed out the impossibility of mixing graphite and oil and the certainty of | 
clogging the lubricator if fed in that way. Aside from this the only objec- 
tion I can see is in using too much at one time in small cylinders. 











PROPELLER CORROSION. 


The remarkable pitting at the root of the blades of high- 
speed propellers continues to attract much interest as new 
cases occur from time to time. The most notable in recent 
months is that of the forward propellers of the Mauretania, 
which has caused much discussion in marine engineering cir- 
cles. The latest theory is that the true cause is to be found in 
the fact that more air reaches the blades of turbine-driven 
propellers than of the comparatively slow-speed reciprocating- 
engine screw. ‘There is no lack of evidence to prove that 
where water carries much air its corrosive properties are en- 
hanced. It is, for example, a familiar experience that the 
bottoms of iron vessels covered with a very thin layer of water 
rust more quickly than if the depth of water is considerable, 
and the corrosion of condensers has in several cases been 
directly traced to the fact that the circulating water was 
broken up in contact with air—as, for example, by discharg- 
ing roughly into a tank—hbefore reaching the condenser. On 
the other hand, however, it must be remembered that the tur- 
bine-driven propellers which are causing trouble do not in 
many cases revolve at a higher speed than the propellers of 
former high-speed craft, such as destroyers and torpedo boats, 
so that the explanation does not appear to be entirely satis- 
factory. That air does find its way to the center of propellers 
has been proved beyond doubt by many photographs of 
models, but before it can get there it must pass over the rest 
of the blade surface, and some fuller explanation of why the 
pitting should be nearly always concentrated at the roots of 
the blades is still required. We have suggested on previous 
occasions that the bending which almost certainly takes place 
may be a contributory cause, and it has been suggested also 
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that the form given to the root in order to diminish this bend- 
ing is such as to cause disturbance in the water, and so liberate 
the air actually in contact with the metal. Under such con- 
ditions air is most active. If this explanation is correct, the 
fact that the corrosion nearly always takes the form of pitting 
may be ascribed to the fact that the roughness caused in the 
surface by a patch of initial corrosion would tend to hold the 
air, and so both increase and localize the effect. The whole 
matter requires the closest investigation. In the Mauretania 
the curious fact has been observed that the after propellers 
do not suffer to anything like the same extent as the forward 
propellers. This has been attributed to the fact that most of 
the air is knocked out of the water by the forward propellers, 
and that the aft propellers receive water almost free from air. 
Unfortunately, the conditions for both pairs are not the same, 
the forward pair not only being nearer the ship, but of a dif- 
ferent form, the tips being bent backwards in order to increase 
the clearance between them and the hull, the smallness of 
which was the cause of the early vibration in this vessel. 
This shape may actually assist in drawing air into the pro- 
peller, and so cause greater corrosion. We suggest that some 
of the colleges which are provided with hydraulic plant might 
do worse than conduct an inquiry on this subject. By using 
highly polished steel screws—with plenty of manganese to in- 
crease the electrolytic effect—indications would be rapidly 
given of the areas which are most readily attacked with dif- 
ferent forms of blades, etc. It would be interesting to know if 
paddle wh¢els, which must always be in contact with highly 
aerated water, are particularly subject to corrosion.‘ The 
Engineer.” 


NEW SHIPBUILDING PLANT. 


Bids have been asked for the erection of the new shipbuild- 
ing plant of the New London Ship and Engine Company at 
Groton, Conn., and the award of the contract it is said will be 
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made soon. At this yard as soon as possible two marine 
internal-combustion engines are to be built of the Maschinen 
Fabrik Augsburg-Nurnburg and Blohm & Voss type, the 
American rights for which are owned by the Electric Boat 
Company, which will be part of the new establishment. This 
is the type of engine that will be placed in the new Hamburg- 
American liners contracted for some time ago. The plant of 
the Electric Boat Company now in the Fore River Shipbuild- 
ing Company’s yard at Quincy, Mass., is to be removed to the 
new yard. Those at the head of this enterprize are T. A. 
Scott, of New London, W. H. Reeves, Henry Bond, and Capt. 
Frank T. Cables, superintendent of the Electric Boat Company 
at Quincy.—* Marine Journal.” 


LEAVING TOOLS AROUND. 


A naval engineer has been reduced several numbers because 
he left a monkey wrench in one of the cylinders of the ship 
where he was employed. It was not because the wrench was 
of much value, and because his Uncle Samuel had to go out 
and purchase another, but because the wrench was in the way. 
It wasn’t needed in the cylinder. It was foreign matter, not 
necessary to the running of the engine or to the speed of the 
boat. It added nothing to the fighting qualities of the craft, 
and that is what the Government is after principally. In fact, 
the wrench in the cylinder was a detriment and a hindrance to 
the smooth working qualities of the boat’s machinery. There 
was no room for it in the cylinder, and when the great engine 
was started up something, of course, had to go. The monkey 
wrench being a hard nut to crack, it naturally followed that 
the cylinder did all the cracking. The cylinder came to grief, 
and in the common run of things naval the engineer followed 
the same course. 

We are sorry for the engineer, but glad the naval board has 
meted out this just punishment. It makes us feel more at ease 
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over the safety of our country not to have monkey wrenches 
in our cylinders and, to bring the lesson ashore, it will help 
some when we are undergoing repairs at the hands of the 
dentist or the surgeon who is using wrenches and scissors and 
chisels, etc., in the region of our own cylinders. It is a matter 
of common knowledge that all sorts of trinkets, such as lances, 
needles and shears, have been sewed up in the human system 
following a successful operation. Teeth have been found in 
the stomach long after a siege of extraction and distraction at 
the dentist’s. 

A pair of scissors left in a man’s interior is of no more use 
to him than a monkey wrench left in a cylinder. The surgeon 
may not miss the scissors, but the patient misses the room he 
had before the scissors usurped it. Space in a cylinder or ina 
man’s anatomy is valuable, and the engineer or surgeon who 
uses such space for cold storage for tools ought to be reduced, 
not only in numbers, but to a pulp.—‘ Boston Herald.” 


At a banquet given last June by the graduating mechanical 
engineers of the University of Illinois, Professors Thorpe and 
Goodenough of that institution spoke a few parting words on 
the successful engineer, using as their text the time-honored 
formula for indicated horsepower, which is known to almost 
every engineer. 


PLAN — Lp. 
33,000 


One of our contributors was so impressed with their treat- 
ment of the subject that he forwarded the substance of what 
was said to “ Power,” and in slightly modified form we are 
repeating the gist of their remarks. 

Although the talk was delivered to technical men, it applies 
‘equally well to the practical worker, and in fact to all men of 
any profession or trade. : 

To begin with, the “ 33,000” in the usual horsepower for- 
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mula is a constant and therefore may be represented by a 
symbol. 

For our purpose 1-+ 33,000 is best represented by K, 
making the formula read: 


PLAN & =Ii.AP. 


As P comes first it is likely to be of great importance, which 
is true of Patience. No characteristic is more helpful under 
trying circumstances, and nowhere is the exercise of patience 
more necessary than in the engine and boiler rooms. ‘The 
long hours of service, the Sunday jobs and the repair work 
common to even the best of plants, demand that this one 
quality be developed to an unusual degree. 


PLANK Pe 


P Patience A = Accuracy 
| _= Loyalty N = Nobility 
| K = Knowledge 


|| 1.H.P. = Important High Position 


| | 
L. — - ——— — 


L, fittingly comes next ; it ought to be prominent, for Loyalty 
to one’s employer as well as to one’s higher self is the essence 
of success. ‘The good of the firm demands that all pull to- 
gether. No minor jealousies or personal affairs should ever 
be given precedence, for, even from a selfish motive, loyalty 
to the firm means success to the individual. 

Yet no engineer is a real success unless he has the next 
quality, Accuracy, denoted by A. ‘There are few occupations 
in which accuracy is necessary to such an extent as that of the 
engineer. 

As a fitting addition to the list of good qualities we have NV 
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for Nobility. Be noble! Treat your fellowmen as a man 
among men. Live as you would like to see men live—as you 
would have your son live. 

Last, but by no means least, there is K for the indispensable 
Knowledge that enables the engineer to make the best use of 
the four qualities mentioned. 

Turning to the other side of the equation, there are the 
symbols, J.H.P., the equivalent of the first member. The 
result of such a combination of qualities can only be J/mportant 
High Position. 

You have then Patience, amplified by Loyalty, strengthened 
by Accuracy and magnified by Nobility; all these multiplying 
vour Knowledge, and the whole resulting in Important High 
Position, or Success. 

Adopt this “ plank” and see how near the top it will land 
you. 


Think it over—‘‘ Power and The Engineer.” 
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UNITED STATES. 


Bids were opened at the Navy Department on November 8, 
1910, for the construction of six torpedo-boat destroyers 
(Nos. 37-42) authorized by the naval appropriation act, ap- 
proved June 24, 1910. ‘The important dimensions of these 
vessels are the same as for destroyers recently built for the 
United States Navy. 

Bids were invited under three classes as follows: 

Class 1.—Government design, hull and machinery. 

Class 2.—Government design, hull and machinery, with 
speed-reduction gearing fitted between cruising and L.P. tur- 
bines. 

Class 3.—Government design, hull and equipment, bidder’s 
design machinery. 


eon ee Time to — Water con- , 
Class. vessels. Speed. complete. Price. sumption. Remarks. 
Fore River Shipbuilding Company. 
knots, months, knots pounds. 

3 : 294 ae $648,700 - = | 63-inch, 18-stage, 

m4 i | Curtis reversi- 
»f $9 : 
16 2'110 «gaan tur- 
12 1,820 mens 
Bath Iron Works. 

I I 30 24 $669,750 

I 2 vai 24 654,500 294 6,150 
25 4,520 
20 3,080 
16 2,180 
12 1,540 

3 2 294 24 630,500 294 5,500 
25 4,280 
20 2,850 
16 1,820 
12 1,460 


655,500 
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‘tea: NO. Of o Time to ee Water con- 
Class. vessels. Speed. complete. Price. sumption. Remarks. 
New York Shipbuilding Company. 
knots. months. knots. pounds, 
I I 294 24 $645,000 294 6,252 |} 
25 4,224 
20 2,921 
| 
= mp | If tried Delaware 
’ } Breakwater 
3 I 294 24 670,000 294 5,800 [ , 

25 4,070 | $5,000 less. 

20 2,710 

16 2,110 

12 1,820 |} 

Union Iron Works. 
I I 29+ 24 $721,000 
I 2 294 23 704,000 294 6,200 
24 i 25 4,600 

20 «(3,100 

16 2,200 

12 1,600 

2 I 294 24 721,000 
2 2 294 23 704,000 
24 
Maryland Steel Company. 
I 2 294 24 $685,000 294 6,252 

25 4,224 

20 2,921 

16 2,078 

12 1,787 

3 2 294 24 742,000 294 5,459 

25 3,468 

20 2,23! 

16 1,868 

12 1,312 

Newport News Shipbuilding Company. 
I I 294 24 $635,000 294 6,300 | 

25 5,200 | If tried Delaware 

20 2,800 | Breakwater, 

16 2,100 |} $630, 500, 

12 1,400 ,.. Considers 12 tons 
additional ma- 
chinery weight 
necessary. 

William Cramp & Sons Shipbuilding Company. 
I I 294 24 $658,800 29} 6,150 ( If standardization 

2 4,175 | trial Delaware 

20 2,800 | Break water, 

16 2,300 { and other trials 

12 1,760 | near Delaware 
Capes, deduct 

| $4,800. 
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U. S. S. Cyclops. — A successful 48-hours’ sea trial of 
this vessel was completed on October 28, 1g10, and all guar- 
antees under the contract were fully met. This vessel, built 
by the William Cramp & Sons’ Ship and Engine Building 
Company, at a contract price of $822,500, is one of two fleet 
colliers authorized by the Naval Appropriation Act, approved 
May 13, 1908. The hull is of steel throughout, and plans 
and specifications conform to rules of the American Bureau 
of Shipping. 

The guaranteed average speed of the vessel on a continuous 
48-hours’ trial in the open sea was 14 knots, when carrying 
12,500 tons of bunker and cargo coal, and with all equipment 
complete, including 1oo tons of reserve-feed water, 20 tons of 
drinking water and 130 tons of stores for the crew. It was a 
further stipulation of the contract that the coal consumption 
for all purposes during this trial should not exceed 1.8 pounds 
per I.H.P. per hour of the main propelling engines. 

The important particulars of hull and machinery are given 


below ° HULL. 
Length between perpendiculars, feet and inches............-s:c0:cseeeee 520-0 
ne ee a oss ac soaemocaesecdanenapesesens 542-0 
as ee IE SEINE, ctvdcdnse sucsiase conedddesearetens habia 528-0 
Beam, extreme, feet and inches................s0.00-200 FF re OE 65-24 
ee Ne si a inick vacecatanicnshssssdessepiaaisarseeniasoies 65-0 
Draught (load), mean, feet and inches............cccc-ccecescceseccveeeeecees 27-6 
Displacement on load draught, toms.............-cceccsece senses sereeeeseeenses 19,270 
Ee ta og MOOD oss snieyn cimtntwbedenodbsseoveesses 64.1 
Area immersed, center line, load draught, square feet...............0++. 1,750 
L.W.L., plane, load draught, square feet.............s00...c0seesseees 26,905 
Wetted surface, load draught, square feet................00..ccseeeeeeeeeeees 49,450 
NS OU Se bia raieracecoinnddetes ecencecisccusucntnsenretsnsacetec .726 
MINTED isan cécbencieconaccccdcdebenestdastebeeenns .984 
PEE s istbidiisnaks avbbpoddenbesnssienanedeesidecnnkas e 
Engine: MACHINERY. 
ype, twin screw, 3-cylinder, vertical, triple-expansion, with cranks at 120 
degrees. 
Diameter of cylinders : 
a a MENIAL nici Gatladlettcnis desta sadébeboseusdesn, shaiagebs wteineetesérasephetn 274 
tian Na a hiccliet dias ccnded daceiaedsbabhadent Gsoctesadbdupied ss anebaqenheadesieh 46 
ld I chrhas ond ssbibhe aid pi vodcdiesiaveuasdee’ seienedbeneBorbascasessasninesdes 76 
SII cui darads angi: shamabdatenaadanscnbedivankertaighesieinemeensperenipideabves 48 
R.P.20 ...-screcccccccesererceceesesececes cvvevescccessceses socesecccesccecscovene ee esecceees 94 


BFE, AE), CR CUI ek cs kaise scieivciecs. Centnesiscee enseseeceseens + 3,600 
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Engine: H.P. LP. BP. 
Number and type of valves..............-..+e. I-piston. 2-piston, 2-piston. 
Diameter of valves, inches................0ssee0es 14 14 26 
Travel of valves, inches..................++0+cescse 8 8 9 
Length of connecting rod between centers, inches.................sesesee0e 108 
Ratha of competing 106 to CHAD iii fici caccccedicccetinsexceccsesinescavennios 4.5 
Length. Diameter. 
Crank shaft (solid, forged steel), feet and inches......... 23-03 o-14% 
Crank pins (solid, forged steel), feet and inches.......... O-154 0-148 
Thrust shaft (solid, forged steel), feet and inches......... 16-03 o-144 
Stern-tube shaft (solid, forged steel), feet and inches.... 28-03} 0-15% 
Propeller shaft (solid, forged steel), feet and inches..... 33-0 o-15% 
Condenser : 


Type, surface, one for each main engine. 
Number of tubes (each condemser)...........cccccc..sssscossecceessesescesees 2,447 


Or i I I iia, cecan das ccbav ive sectavidchsnssutseresese of 

Length Of tubes, feet and ICRGS.. ....... ccccceiceressccesccsescvcesvesece seoves 12-8 

VN WR Fhe iiivsctciisecsacedbesecibapnovdscioncnsactaten ee as 16 

Cooling surface (each condenser), square feet ..........6.c.c.0ceereveee 5,004 
Propellers : 


Number and material : two, built-up, cast-steel hubs, manganese- 
bronze blades : 
Number of blades, each propeller......... secon stesvesecbesovecssesacesneescs 3 


I, GO Oe ik vs isbn dissvdvccbécetteabiasbbnacicbedcsnagearcnvenh 16-6 
Pitch, adjustable, feet and inches, from,.........:sceecereeeceeees 17-0 to 19-6 
Pitch, ap set, mean, fast-and INches,.....60.cccccccccccscocssereresceocecceses 18-0 
Area, projected, square feet...............c0rscccccccsscceccsecsoseecseses scoves 64.8 
helicoidal, square feet..............-++:ee0es bbicitcsdnscbapceeccsenennotes 76.8 
Gime, BOUTS TORE a 00 ccciicnccse occvecees sevevesersgbanescciaversnccssesevese 202.8 


Boilers, main: 
Number and type, three double-ended, cylindrical, return, fire- 


tube : 
Designed working pressure, pOUNAS................+ceeeeeeeeceeeeeees seneee 190 
Diameter, feet and inches ............c0scc0s cocssscoccssecsecee coves soceneese 16-5$4 
Length, feet and inches......00......cccescccccscessescccosceocesccccoveseoesese 23-0§ 
Grates, Detegths, e0t. ...0.00cr<covescscersee cecec cacscoscovscosses eb ddwainetaieeewae 58 
CERI, “SID inci tice cncesccscesses choeucionnsesevsckednosen-epsapuetee 3 
Number of furnaces, each Dboiler..........0-secccsesssscsccccsccccsersoves aaee 8 
Total grate surface, all boilers, square feet........00..csseeees coos ceeees 450 
heating surface, all boilers, square feet............. sevcee o6006ees 19,379 
Diameter of tubes, outside, imches...........00.-ceseceseccsssseesesscererees 24 
Length of tubes, inches...............-.0scscsscssee sessseeseeeees oneevae-socese 93% 
Weoenbien OF Collvnn, mln WII aici seks ccie sc iiccecedvectedicianoveendsadeie 1,076 
WOOO. i550 scccecedidce soecsévasesssavsddnevesseveteesonsesess 2 
Area of smokepipes (each), square SOO iin tas cctivvesdosentpeciasapn steven 43 
Height of smokepipes above grates, feet........ceccecesssessereesseeeeeee 97-44 


Biase GE Fae QTR isiiskk ccitnisccnvesecssssizeéncnnnsdsvinrssevctssentos 
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The Cyclops was standardized over the Delaware Break- 
water course on October 25 and 26, 1910, just prior to begin- 
ning the 48-hours’ sea test, and from data thus obtained it 
was found that a mean of 88.37 revolutions per minute of 
both shafts was required to give a speed of 14 knots per hour. 
Mean draught during these trials was 27 feet 4} inches, cor- 
responding to a displacement of 19,146 tons. The following 
is from standardization runs: 


Speed, knots. R.p.m. LEE. 
7-998 51-25 1,243 
9.784 62.91 2,246 

12.16 76.74 4,046 
14.089 88.95 5,981 
15.485 97-97 8,312 


The 48-hour trial was begun at 2:30 P. M., October 26, 
ending at the same hour October 28, 1910. The course was 
from Five Fathom Bank Lightship to Nantucket New South 
Shoal Lightship, thence to the latitude of Cape Henry. At 
the start the weather was clear and pleasant with smooth sea. 
During the night of October 26 the wind shifted from N.W. 
by W. to S. by W., and increased to a fresh breeze with a 
moderate sea from the same direction. On October 27 there 
was a moderate gale from S.W. by W. and a rough sea. From 
noon of that date until near the end of the trial the Cyclops 
steamed into a rough head sea, which occasionally broke over 
the forecastle. 

A synopsis of the important data recorded during this trial 
is given below : 


Starboard. Port. 

Maximum average revolutions per minute for 60-minute 

SIE a ccoonpedsiennocesunnaanine shoes) siteeren buncesagateseseapncuties 95-42 95-53 
Average revolutions per minute for 48 hours................. 92.109 92.336 
Mean revolutions per minute, both engines.................. 92.261 
Maximum steam pressure at boilers, pounds................. 197.0 
Average steam pressure at boilers, pounds...................- 192.0 
Maximum air pressure in ashpit of boilers.................... 1.0 
Average air pressure in ash-pit of boilers................00000+ 41 


I CN aaa cis padenepencnndonneetars 











Cotloctive 5.55.2. cb miitt GROG oocscccsicsccesccsssosdocsivice 6,705 


Average pounds of coal used per hour.............sersesseeseees 9,954 
Draught at beginning of trial, (forward), ft. and ins...... 26-11 
(aft), feet and inches...... 28-004 
Mean draught at beginning of trial, feet and inches....... 27-054 
Corresponding displacement, toms.............cccce-seeeeseeeeeee 19,254 
Draught at end of trial (forward), feet and inches......... 26-10} 
(aft), feet and inches..... .......... 27-114 
Mean draught at end of trial, feet and inches................ 27-044 
Corresponding displacement, toms..............seessesersseseeees 19,108 
at middle of trial, tons..... *19,095 
Average speed, knots per WOur.......000.000s.ccccsecsceseccescoees 14.61 
Power of main engines: 
Average revolutions (eight sets of cards)...... ........... 92.336 
mean effective pressures : 
ED iicinisSndilaRicdinn eth asanatnaiedstnasutsd bikaiane 90.1 
Ei ic scndabbinetoniatecdeets ispéentedebenigibntndedaedbenscaeapiladouidee 31.8 
RAM wasps mndeendnadicadanbebde dekten cheb eenheaidsminpeidecceumiae: 10.5 

Average indicated horsepower from cards : 

PGI o. <chddiectesbinnhe Ghnsbustecsbcladiaresshobanessennstabasadoseseidien 1,160.0 

LB vs sncadvoua sisarinedesibedarvancaesd sesetececedtncetsanoaennetitoess 1,163.0 

Das Bc:a ssovnecins «nasesneponsvasecesés oiveveseptebdurtantassecessbentinn 1,077.0 

Pe CE CI iin encadobceaischtencctsetcacseusonscsisestanse 3,400.0 
Average revolutions or double strokes of auxiliaries : 

EE Mi inc cccdeseccndeesasicednciatesieisi ads pbadencbareivases istovnestoe Attached. 
circulating pumps............++. Yabbnnnds endreceossaeaveces 158.0 
RI fo ieciesesss0e),..csparedaibeann ine nprdeooshntuaehine 22.8 

Forced-draft blowers...............s00+ siaein chpecupbaatenieestive 278.0 

I I si aaaasdpeicciinan nsisecétncs Hadtakoandadeuetuenses 22.0 

Ice machine............ eee ee er oe ee EE Oe Se eRe 107.0 

Dynamo engine (123 volts), ampéres ..... ont nvedoienvsanse 80.3 


DEDUCED DATA. 


I.H.P. (main engines only) per square foot of grate surface..............«. 14.9 


Pounds of coal per I.H.P. per hour (main engines only).............+++e+00 1.48 
square foot Of grate............ccccce.-se.cosscceeerseseeeorees 22.12 
Slip of propellers in per cent. of their speed................seeee Sebceakee dave 10.83 


*165 tons of salt water added to after-peak tank at 9 P. M., October 27. 


ARGENTINA. 


It ts reported that the Argentine Republic has in contempla- 
tion ordering a third battleship of larger dimensions than the 
two now building in the United States. This vessel will be 
designed to meet the design of the Rio de Janeiro, now build- 
ing in England for Brazil. 
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AUSTRIA-HUNGARY. 


There ts under construction at Fiume, a vessel built for 
service as a tender for submarines. The vessel has the fol- 
lowing characteristics: Length, 64.2 meters; beam, 10 meters; 
displacement, about 1,500 tons; engines, 2,500 horsepower; 
speed, 15 knots; bunker capacity, 200 tons; 2 steam winches, 
with a power of 15 tons each; compressed-air pumps with 
reservoirs, with stores necessary for torpedo vessels and sub- 
marines, diving apparatus and repair shops.—*‘ La Vie Mari- 
time.” 


BRAZIL. 

The following table gives the results of trials of the ten 
destroyers recently completed for Brazil by Messrs. Yarrow 
& Co., of Glasgow: 

Results of Official Three-Hours’ Full-Power Trials. 


Revolu- LHP Air pressure 


Name of boat. Speed. tions. |in stokehold. 


knots. } inches. 
Para, . . . «| 27.259 | 333-04 | 7,014 1.22 
Piauhy, . . .| 27.211 | 330.70! 6,563 1.53 
Amazonas, . .| 27.178 | 336.72 6,898 1.64 
Matto Grosso, .| 27.160 | 338.11 | 7,403 1.63 


Rio Grande 


do Norte,| 27.275 | 341.70 | 7,778 1.90 
Parahyba,. . .| 27.290 | 335-44 6,700 1.26 
Alagoas, - | 27-253 | 337-70 | 7,403 1.51 
Santa Catharina, 27.305 | 337-50 6,982 1.55 
Parana, . .| 28.736 | 354.40 | 8,877 2.43 
Sergipe, . . . 27.605 | 364.50) 8,554 1.66 


Each of these vessels is of the following particulars: 

Length between perpendiculars, 240 feet; beam, 23 feet 6 
inches ; depth, 14 feet, and draught 17 feet 6 inches; displace- 
ment, 650 tons. The ratio of length to beam is 10.2 to1. The 
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vessels are notable for several features, prominent among 
them being the adequacy of the living quarters, the application 
of refrigerating installation for the purpose of cooling the 
inagazines, and the circulation of cold air in the ward room, 
cabins, and other parts. Each of the vessels carries a large 
motor pinnace. The Marconi wireless apparatus has been 
installed, the aerial lines passing from the mast to a special 
jigger aft. High-tensile steel is used in the parts of the hulls 
where longitudinal strength is important, and the rivets used 
are of the same strength per square inch as the plates they 
connect. The ships are divided into ten watertight. compart- 
ments by bulkheads from the outer bottom plating to the upper 
deck. 

The vessels are fitted with two sets of four-cylinder triple- 
expansion engines, balanced on the Yarrow-Schlick-Tweedy 
system, supplied with steam from two double-ended Yarrow 
boilers. The firing of these boilers from both ends is a unique 
feature; the total grate area is 267.5 square feet, and the 
heating surface 14,980 square feet, the ratio of heating sur- 
face to grate area being 56 to 1. 

In the maneuvering trials the diameter of the turning circle 
at full speed was about 375 yards, and at two-thirds speed 
about 330 yards. In the stopping and starting trials the boats 
began to move astern from full speed ahead in thirty seconds 
from the time the signal was given by the telegraph, while 
they began to move ahead from full speed astern in twenty- 
five seconds from the time of moving the telegraph. The 
coal-consumption trials showed that at 14 knots speed the 
radius of action was 3,690 nautical miles; the bunker capacity 
is 140 tons.—*‘ Engineering.” 


CHILI. 


Jt ts understood that the principal warship builders of this 
country and abroad have received an invitation from the 
Chilian Government to tender for the construction of two bat- 
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tleships. These ships, it is said, will closely resemble the 
English super-Dreadnoughts of the Orion type, and are to be 
of about 24,000 tons displacement, with a speed of 23 knots. 
The engines are to be of the Parsons marine turbine type, and 
the armament will consist of ten 12-inch or 15.5-inch guns, 
together with an auxiliary armament of 4.7-inch guns in bat- 
teries. There will also be the usual complement of torpedo 
tubes and smaller guns. It is expected that there will be keen 
competition for the vessels.—‘* Page’s Weekly.” 


CHINA. 


Prince Tsai, who is the head of the Chinese navy, has been 
visiting this country with the avowed object of studying the 
American navy and deciding on the possible purchase of ships. 
Although bids for whatever ships China may decide to buy 
will probably be made in the open market, yet it is known 
that the Celestial officials have a decided leaning in favor of 
the United States, induced by the liberal treatment which we 
have always accorded that country. The progressive element, 
especially, is very friendly towards this country, and the State 
Department has always been willing to foster this feeling. It 
is said that there is an excellent chance for American ship- 
building firms to secure liberal contracts in case China decides 
to build new vessels. 

Prince Tsai was accompanied by Admiral Sah, an accom- 
plished Chinese naval officer, who received his naval education 
in England and commanded one of the high-powered cruisers 
purchased by China in England about ten years ago. 


FRANCE. 


Submersible Cruisers —While French naval experts have 
lately been deprecating any attempt to exaggerate the value of 
submersible and submarine boats, they are yet fully alive to 
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the importance of the work that may be done by these craft. 
In a country where public opinion has exercised so much 
influence upon naval questions in the past, it has been found 
necessary to explode the old fallacy that the submarine has 
enormously depreciated the value of the battleship. As the 
Government intends to carry through the important program 
of naval constructions, in which the battleships of 23,000 tons 
constitute the main feature, an effort has been made to impress 
upon the public just what the submersible and submarine are 
capable of doing, and, judging from the performances of these 
craft at the recent maneuvers, it has to be admitted that they 
possess considerable limitations. Nevertheless, it is believed 
that the submersible, if given a sufficient range of action, will 
prove very valuable in blockading an enemy’s ports and, per- 
haps, intercepting an enemy's squadron, and the whole aim 
of the French marine in designing the new submersibles is to 
increase the range as much as possible. In a word, the idea 


is to develop a type of “ submersible cruiser.” As a means of 
ascertaining exactly what these craft can do, it has been de- 
cided to send the Archiméde from Cherbourg to Toulon on a 
single run without putting in at any port on the way. The 
Archiméde was launched a year ago. Having a length of 60 
m. and a beam of 5 m., it displaces 800 tons with its water 
tanks empty. It has two triple-expansion engines and two 
propellers, which, when the vessel is submerged, are driven by 
electric motors. There are seven torpedo tubes. The vessel 
has a crew of thirty-two, and three officers. The forthcoming 
run of the Archiméde is regarded as of great importance, since 
upon it depends the construction of the new submersibles 
which, in the opinion of French experts, are destined to carry 
out effective operations at a considerable distance from their 


base. 


The work of refitting the hull of the French submarine 
Pluzviose, which has been towed from Calais to Cherbourg 
Dockyard, is being rapidly pushed forward in order that the 
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authorities may have an early opportunity of deciding whether 
she can be recommissioned for service. Investigation has 
proved that, at the moment of the collision, short circuits broke 
out all over the vessel, especially in the central post, where all 
the cables were found fused, the woodwork of the switchboard 
charred, and the ebonite twisted or broken. Although the 
rapid invasion of the water must have prevented the fire from 
being of any considerable duration, the powerful heat may 
quite possibly have asphyxiated the men in the central post, as 
well as the officer in charge of the periscope. It is even suggested 
that the dense smoke might have been the cause of the open- 
ing of the forward manhole. It is considered probable that 
the vessel was not under control at the moment of the collision 
with the mail steamer. All operations causing the submarine 
to rise had been carried out. If the fire broke out before the 
collision, it would have been this which rendered the crew 
powerless to prevent the castastrophe.—‘‘ The Engineer.” 


Salvage Vessel for Submarines.—Concerning the Pluviose 
disaster, it has been stated that plans had been approved for a 
salvage vessel to cost about £12,000, but that the increase in 
size of the future submarine had delayed its immediate con- 
struction, and, in the meantime, a lighter, provided with me- 
chanical means for lifting submerged vessels, would be built. 

Referring to the safety helmets that are used in the British 
navy, Admiral de Lapeyrére said that the results of the trials 
which had taken place at Cherbourg are not such as to inspire 
confidence in their efficacy. He called attention to the fact 
that while there had been 30,000 descents since 1900, only 
three serious accidents had occurred, and that, while there will 
always be naval risks, no seaman worthy of the name would be 
deterred by them from his duties. : 


Old Vessels—The French Minister of Marine has struck 
at the root of what has long been a serious evil. He has con- 
signed some thirty old vessels to the scrap heap. These old 
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vessels, while in commission, employ a large number of men 
and officers, and at the same time the modern battleships of 
the fleet are short at least one hundred men each and the flo- 
tillas are now deficient at least*one-third of their normal force. 
By condemning these useless ships, at least two thousand 
men have been added to the personnel of the newer vessels. 


The French Maneuvers.—A writer in the “ Moniteur de la 
Flotte” makes a few criticisms concerning the recent French 
maneuvers in the Mediterranean. The scheme represented the 
situation that would exist if the French fleet were opposed to 
the fleets of Italy and Austria seeking to unite. The blue 
squadron represented the French, and the red its enemies. The 
red fleet based its operations on the intention of deceiving its 
adversary and did not attempt to pass the Strait of Bonifacio 
on account of the submarines.—‘‘ Page’s Weekly.” 


GERMANY. 


Zoelly Turbines in the German Navy.—We are informed 
that, in consequence of the excellent results obtained in de- 
stroyers fitted with the Zoelly marine turbine, the German 
naval authorities have ordered from the Germania Yard, Kiel, 
six more boats thus equipped. Official data as to the trials 
have not been published, but the figures given in the following 
report, translated from the “ Zeitschrift des Vereines Deut- 
scher Ingenieure” for March 26 last, are understood to be au- 
thentic. The torpedo boat G 173, built by Messrs. Krupp & 
Co., of Germaniawerft Kiel, carried out her trials on the meas- 
ured mile in Eckenford Bay. This boat has a displacement of 
650 tons, and is propelled by Zoelly turbines, designed by 
Messrs. Escher Wyss & Co., the total power being 16,000 
horsepower. On trial, in about 25 meters of water, and in a 
slight wind, this boat reached a speed of 33.35 knots, the shaft 
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power at this speed being 8,200 horsepower in each shaft at 
about 690 revolutions. G 173 is the first German warship 
fitted with Zoelly turbines. 

The two new German cruisers Coln and Augsburg will 
make their trials next autumn. They are sister ships of 4,350 
tons displacement, 4264 feet length, 46 feet greatest beam, and 
a draught of 165 feet. The crew of each will number 363, the 
speed will be over 25 knots, and the coal capacity 900 tons. 
The trials of the two ships are being looked forward to with 
interest in engineering circles, as they are to be tested against 
the cruisers Mains and Kolberg, in order to ascertain the 
merits of the different turbine systems in use in Germany. 
The Coln‘s turbines are Zoelly, the Augsburg’s Parsons, the 
Mainz’s Curtis, and the Kolberg’s Schichau. The Mainz aver- 
aged 25 knots on her trials, but on one occasion reached 27.5 
on the measured mile.—‘* The Engineer.” 


GREAT BRITAIN. 


H.M.S. Lion—An event of importance on August 6th 
was the launch of H.M.S. Lion, the largest cruiser in the 
British navy. No official statement is forthcoming regarding 
her size or possibilities, but there is good reason for presuming 
that the following figures are approximately correct: Length, 
700 feet; beam, 884 feet ; indicated horsepower, 70,000; speed, 
30 knots; displacement, 26,000 tons; main armament, eight 
15.5-inch; coal, 3,500 tons; turrets, four central. Although 
the Lion and her sister ship, the Princess Royal, are officially 
described as cruisers, in many respects they are superior to the 
most powerful battleships afloat. Swifter than either the 
Mauretania or Lusitania, combined with greater gun power 
than any previous vessel of the Dreadnought class, they have 
been well described as the most remarkable engines of war the 


British naval authorities have ever conceived. In fact, as the 
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* Birmingham Post” says, they are Lord Fisher’s final word 
in naval design, aided by the constructive genius of Sir Philip 
Watts, the head of the Royal Corps of Naval Constructors. 
The remarkable fighting power of the vessel can be appre- 
ciated when it is stated that her eight 13.5-inch guns, the first 
of the new type to be mounted, will discharge a projectile of 
1,250 pounds with sufficient force to penetrate 22 inches of 
armor at a distance of 5,000 yards. The new battleship was 
laid down on November 29th last year. Her launching weight 
was 8,057 tons. Speaking of the Lion as she was being finally 
prepared to be put into the water, a dockyard authority is 


sé 


quoted as saying that “in length, beam, displacement, main 
and secondary armament, torpedo equipment, armor protec- 
tion, in offensive and defensive qualities generally, and also 
in regard to a number of minor details of internal construc- 
tion, the Lion is enormously superior to any cruiser built or 
projected.” —“ Page’s Weekly.” 


It is not without interest to consider the effective horse- 
power required to propel ships of different lengths at a given 
speed, because there is thereby established not only the ad- 
vantage of the greater length of the Lion, but the difficulties 
under which Admiralty designers have hitherto worked, in 
comparison with the relative freedom of the designer of mer- 
chant ships. It has been put on record, for instance, that 
with the limitations imposed by other considerations—such as 
passenger accommodation, etc.—the Lusitania and Maure- 
tania could not have been built on a restricted length of 700 
teet, instead of 760 feet, to cross the Atlantic at the speeds 
they have attained. The power, if the lesser dimension had 
been adopted, would have gone up at least 10 per cent., and 
could not have been installed in the space available. The 
invincibles are 530 feet, the Jndefatigable 555 feet, and the 
Lion 700 feet between perpendiculars. The displacement has 
gone up from 17,250 tons to 26,350 tons. Assuming a speed 
of 27 knots for all three vessels, the effective horsepower per 
ton of displacement in the case of the /nvincible is 1.7, in the 
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Indefatigable 1.58, and in the Lion 1.45. It will thus be evi- 
cent that the increased length, with the same weight of ma- 
chinery and the same power, adds materially to speed. The 
/.ion, however, will probably materially exceed 27 knots, and 
the gain will be still more marked. 

It is only right to say that such high speed has been rend- 
ered possible only by the invention of the turbine, because the 
steam consumption for this type of machinery is so much less 
than with the best reciprocating engines yet constructed for 
naval work. The steam-generating plant, and the weight and 
space required for its accommodation, is thus enormously de- 
creased. It is scarcely necessary to point to the advantage of 
the decrease in space, as well as in weight, in view of what we 
have said regarding the arrangement of the armament within 
a given length. The machinery of the Lion is being con- 
structed by the Vickers Company, and will no doubt follow the 
lines so successfully evolved in preceding ships. Thus there 
will be four shafts, with turbines working in series on each 
side of the center line of the ship, each unit including a high- 
pressure and a low-pressure ahead turbine on separate shafts, 
and a high-pressure and low-pressure astern turbine respec- 
tively on each shaft. In accordance with recent practice, no 
cruising turbine will be adopted, but the high-pressure turbine 
is made of increased length, and several by-passes are fitted, 
so that the steam may enter at different stages according to the 
power to be developed. These and other improvements intro- 
duced will give a favorable economy even at low power. The 
results of the trials, alike from the point of view of efficiency 
and economy, are therefore certain to once more establish the 
satisfactory character of the design work produced by Sir 
Philip Watts and Sir Henry Oram, who are responsible for 
the ship and machinery respectively of all our warships. 

It may be interesting to append the dimensions of typical 
cruisers of the last few years. 

These data show the enormous step taken in length, dis- 
placement, speed, and power of armament. In this period of 


six years the proportion of length to beam has increased from 
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3-pounders. 
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Indefatigable (1909), 555 80 26° 19,300 26.00 8 12-in., 16 4-in. 
LION (1910). ...seeeeeee 7oo | 884 28 26,350 | 28.00| 8 13.5-in., 16 4-in. 


6.57 tol to8to1. In view of this great increase in beam, the 
displacement of the cruisers per unit of length has greatly in- 
creased. Thus, in the case of the Devonshire class, it was 
equal to 24 tons per foot of length; in = Minotaur, to 29.8 tons 
per foot of length; in the /nvincible, to 32.53 tons per foot of 
length; whereas, in the case of the tion the displacement is 


nearly 40 tons per foot. of length—‘t The Engineer.” 


H.M.S. Orion and Neptune.—The battleship Orion was 
launched at Portsmouth August 20th, and is the fifth vessel 
of the Dreadnought or improved Dreadnought type which has 
been launched from that dockyard. 

The first keel plate of the Orion was laid on Nov ember 29th 
last year, so that only 264 days, including Sundays, elapsed 
between that time and the date of her launch. 

As in the case of all warships built in recent years the 
Admiralty has exercised great secrecy regarding the design 
and structural details of this the latest of our battleships, and 
anything written concerning her must be regarded as being 
largely surmise. From what we can gather, however, it would 
appear that she is to be a ten-gun ship with five barbettes 
arranged on the center line, the second and fourth barbettes 
being raised so that they can fire ahead or astern respectively 
over the first and fifth barbettes. It is now practically certain 
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that the guns will be 13.5 inches. The whole of the ten guns 
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will be able to fire on the broadside. It will also be seen that 
four guns can fire right ahead and four astern, while by firing 
slightly at an angle six guns can be made to bear very nearly 
straight ahead. 

In the case of the Neptune, which immediately preceded 
the construction of the Orion at Portsmouth, and the dis- 
placement of which was very nearly 20,000 tons, the arrange- 
ment of the guns was quite different. There was one two-gun 
barbette on the center line forward, then a two-gun barbette 
placed on the port side, and further aft still another on the 
starboard side, and two two-gun barbettes right aft. By 
means of this arrangement six guns could fire dead ahead 
and eight dead astern, but though all ten guns could fire on 
the broadside, the.angle of fire of one of the guns was limited. 
The secondary armament of the Orion is, we believe, to consist 
of twenty 4-inch guns, and her armor will vary in thickness 
from 4 inches to 12 inches. 

The same uncertainty exists regarding the actual dimen- 
sions of the Orion as there is concerning her armament and 
armor. It is believed, however, that the vessel is 545 feet 
long between perpendiculars and 584 feet long overall, and 
that she has a beam of 87 feet. Her displacement is given 
variously between 22,500 tons and 23,500 tons. Perhaps if 
23,000 tons bé taken it will not be far from the mark. It is 
said that her full coal capacity will be 2,700 tons and her 
normal capacity 900 tons, and her designed speed is stated to 
be 21 knots, which will be obtained by four sets of turbine 
engines of an aggregate horsepower of 27,000, working on 
four shafts, there being eighteen Babcock & Wilcox boilers, 
which can, if required, burn oil fuel, of which about 1,000 
tons is to be carried.—* Engineering.” 


New Protected Cruisers.—It is understood that private 
builders have sent in tenders to the Admiralty for two pro- 
tected cruisers of the Bristol type. They are two of five to 
be laid down, the other three having been allocated, two to 
Pembroke and one to Chatham. Tenders for machinery for 
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armored ships now building are also being forwarded. It is 
stated that five Clyde firms have tendered for the cruisers.— 
* Page’s Weekly.” 


Il’reck of the Bedford.—Officers of our service, who were 
attached to vessels of the Atlantic Fleet in 1905, and enjoyed 
the hospitality of her officers, will note with particular regret 
the loss of the armored cruiser Bedford, with eighteen men of 
her engineer’s force, on August 21st. The Bedford formed 
a part of the squadron under Admiral Prince Louis of Bat- 
tenberg, which visited the United States during that year. 
She was wrecked on the southwest end of Quelpart Island 
while on passage from Wei-hai-wei to Nagasaki. 


Steam Trials of H.M.S. Gloucester —H.M.S. Gloucester, 
the fourth of the second-class protected cruisers ordered under 
the program of 1908-9, has just completed her trials, and 
Messrs. William Beardmore & Co., who built and engined the 
vessel at their Naval Construction Works, Dalmuir, are to be 
congratulated upon the results, alike as regards the speed and 
machinery efficiency. The speed attained on the full-power 
trial was the best so far recorded for any ship of the class— 
nainely, 26.296 knots, when the turbines were developing a 
collective power of 24.335 shaft horsepower, while the con- 
suinption of fuel was 1.14 pounds of coal, and 0.42 pounds of 
oil. The vessels were designed to maintain a speed of 25 
knots, and the trials of the four so far completed—the others 
being the Glasgow, Liverpool and Newcastle, built respectively 
at Fairfield, Barrow and Elswick—show that 26 knots can 
easily be realized. This is particularly satisfactory in view 
of the dimensions of the vessels, which are 430 feet long be- 
tween perpendiculars and 47 feet beam. The displacement is 
4,800 tons on a mean load draught of 15 feet 3 inches. They 
are intended for scout duty, and are fitted with two 6-inch 
guns and ten 4-inch guns. The four vessels so far tried have 
Parsons turbines mounted on four shafts, each with an ahead 
and an astern turbine. 
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The Gloucester first carried out a progressive trial of over 
twelve hours divided into three equal periods, while the other 
trials included a twenty-two hours’ run and two eight hours’ 
runs. The speeds attained in each of this complete series of 
progressive runs, with the power recorded, are as follows: 


$.H.P. Knots. 
DE. WR rid hog a dwn 2,053 12.837 
Snr CONS o 5k 5 8s cee 5,513 17.55 
Bee WHI, gino avesine dave’ 9,400 20.8 
SH hours trial...3.i6s.cs 13,968 23.447 
ON I oss oie wes 18,983 25.084 
@ hoes GOs. oa Sieg 24,335 26.296 


The twenty-two hours’ trial at 13,900 and the eight hours’ 
trial at 18,000 shaft horsepower were continuous, and consti- 
tuted the fuel-endurance tests. It was found that at 15,968 horse- 
power the fuel consumption per shaft horsepower per hour 
was only 1.59 pounds, and at 18,983 shaft horsepower it was 
1.48 pounds; as already shown, very satisfactory results were 
also got at full power. These four vessels complete the 
cruisers of corresponding type given out eighteen months ago; 
the fifth—the Bristol—has been fitted with Brown-Curtis 
turbines by Messrs. John Brown & Co., Limited, of Clydebank. 


H.M. Protected Cruiser Newcastle —The second-class pro- 
tected cruiser Newcastle is typical of the “ Town” class, five 
of which were ordered under the 1908-9 program, and four 
under the 1909-10 program, while provision is made in this 
year’s Estimates for the laying down at an early date of three 
more. ‘These vessels are light unarmored ships, intended for 


reconnaissance work in association with the more powerful 
armored cruisers of a fleet, and, being possessed of a speed of 
26 knots, they will prove most serviceable. They are not in- 
tended to penetrate the screen of the enemy’s force, and thus 
the armament is limited to 6-inch bow and stern chasers, with 
five 4-inch guns on each broadside. They also carry two 
Maxim guns, and have two submerged tubes for 18-inch tor- 
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pedoes. They may be regarded as developments of the At- 
tentive scout class, which, although of the same legend speed— 
25 knots—only attained this result under favorable conditions, 
as they were fitted with reciprocating engines, whereas the 
speed of the four ‘“ Town” cruisers so far tried ranges between 
25.8 and 26.296 knots—a difference largely due to power de- 
veloped, which varied between 22,500 and 24,335 shaft horse- 
power in the respective ships. But as the machinery in all of 
these ships is of practically the same design, each may be 
credited with a 26-knot speed. In addition to this speed 
advantage, the new cruisers, being some 60 feet longer and of 





nearly 900 tons greater displacement than the vessels of the 
Attentive type, can keep the sea more easily; they have a 
greater armament, since the Attentive class had only ten 3-inch 
quick-firers and eight smaller guns, while the fuel supply car- 
ried gives them a much wider radius of action. 

The Newcastle, like the other ships of the class, has a length, 
between perpendiculars, of 430 feet, a breadth, extreme, of 
47 feet, and at a mean draught of 15 feet 3 inches, the displace- 
ment is 4,800 tons. The lines are exceptionally fine, being 
a development of those of the Attentive class. A noticeable 
feature is the outward large curve of the bow wave, due to the 
flare out above the load line. This will make the vessels dry 
boats in heavy weather, a great desideratum for a scout, which 
may have to undertake a running fight after an enemy’s de- 
stroyer or scout. The high forecastle is also contributive to 
the same result. The funnels, which were considered rather 
short, have been lengthened. 

An important feature of the machinery of this class of 
cruiser is that in the case of two of the ships—the Bristol and 
Yarmouth—Brown-Curtis turbines are being fitted by Messrs. 
John Brown & Co., Limited, Clydebank, so that the comparison 
may be made with the performance of the Parsons turbines in 
the seven other ships now being built. These latter so far 
have given splendid results, the water consumption per shaft 
horsepower per hour for all purposes having in at least one 
case been 12.60 pounds at full power and 13.16 pounds at half 
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power, while the fuel consumption for all purposes has been 
1.6 pounds at full power and at half power. 

The general arrangement of the Parsons turbine installation 
follows recent practice, there being four lines of shafting ar- 
ranged in three separate engine rooms. ‘The high-pressure 
ahead and separate high-pressure astern turbines are arranged 
on one shaft in each wing compartment. One low-pressure 
ahead turbine (in which is embodied the low-pressure astern 
turbine ) is mounted on each of the inside shafts, being placed 
in a center compartment, which also contains the maneuvering 
gear for all the turbines. But in these cruisers, as in all war- 
ships subsequently laid down, there are no separate cruising 
turbines, a special series of blades for cruising purposes being 
fitted in each high-pressure turbine. Both turbines are within 
the one casing, and the large eduction pipe is a prominent 
feature. 

The condensers in these cruisers are located abaft the tur- 
bines, the port and starboard condensing plant being in separate 
watertight compartments. The condenser and air-pump in- 
stallation on the .Vewcastle is notable, as the former is of the 
“ Uniflux” type, and the latter of the “ Dual” type, both intro- 
duced by Messrs. G. & J. Weir, Limited, Cathcart. The gain 
aue to high vacua on the steam turbine is a point which 
emerged early in its development, but it is only recently that 
the majority of engineers have appreciated the extent of this 
gain. From 26-inch to 27-inch vacuum there is a gain of 
about 4 per cent.; a further gain of 5 per cent. if the vacuum 
is increased to 28 inches; and a still further gain of 6 per cent. 
to 7 per cent. when it is increased to 29 inches. The oppor- 
tunity afforded of thus adding to turbine efficiency was early 
seized by Messrs. Weir, who had been identified with the 
introduction of independent air pumps for naval vessels, and 
consequently had a considerable experience in condenser con- 


ditions. The results of these air-pump installations caused 
them to direct their attention to the design of the main con- 
denser as a chief factor in the attainment of high vacua, and 
after a long series of trials and experiments, they ultimately 
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produced the design of condenser now known as the “ Weir- 
Uniflux.”” The two “ Weir-Uniflux” condensers for the New- 
castle were built by the Wallsend Slipway and Engineering 
Company, Limited, by arrangement with, and to the designs 
of, Messrs. Weir. The contour is of the pear or heart-shape 
characteristic of the “‘ Uniflux” design, to secure a uniform 
velocity of steam-flow over all the tubes, and the cooling sur- 
face is considerably less than that hitherto considered necessary 
for ordinary condensers for equivalent duties. The shells are 
of steel, with brass tubes and tube-plates and gun-metal doors. 
For the designed power of 22,000 shaft horsepower of the 
Newcastle's turbines the cooling surface, with condensers of 
the usual cylindrical design, would have been about 22,000 
square feet. The “ Uniflux” condensers fitted to the vessel, 
however, have a total cooling surface of 16,820 square feet, 
representing a saving in weight and space, which is of vital 
value in a crowded naval engine room. The following figures 
show the condensing plant performance at full power—22,000 
shaft horsepower : 


Sea temperature, degrees F................ 46 
Vacuum at top of condenser (corrected to 30 

inches barometer), inches..............- 29.02 
Circulating discharge temperature, degrees F.. 74 
Hot-well temperature, degrees F............ 74 
‘y* 4 ~ ~ 
remperature equivalent to vacuum, degrees F.. 79 


In conjunction with the condensers Messrs. Weir have also 
furnished four of their “ Dual” air pumps 22 inches by 12 inches 
by 16 inches. These pumps are of the twin type, but have the dis- 
tinctive feature of combining a wet and a separate dry pump 
in one apparatus. Whenever the contents of the condenser 
a twin pump with 





are handled by one pump, or its equivalent 
common suction—the hot-well temperature for a given vacuum 
is dependent on the amount of air leakage and air-pump capac- 
ity. By the use of separate pumps handling the air and water, 
the dry pump having a cold injection non-returnable to the 
feed, this phenomenon can be largely overcome. In this 
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“ Dual” pump the dry-pump portion can be kept at a compara- 
tively low temperature, as a closed supply of injection water 
continuously cooled circulates through the pump, densifying 
its contents and consequently increasing its efficiency. On the 
other hand, the wet-pump portion handles the water from the 
condenser at approximately the steam temperature, and thus 
secures a high hot-well temperature, as, of course, none of the 
feed need be cooled down to secure the high vacuum which is 
obtained by the dry pump. 

The boilers, twelve in number, of the small-tube type, are 
arranged in three separate boiler rooms, and in each boiler 
room there will be one main and one auxiliary feed pump. 
The boiler rooms are adapted for use with the closed-stokehold 
system of forced draft, the supply of air being provided by 
steam-driven fans. Oil pumps are provided for both oil fuel 
and forced lubrication purposes. 

The Newcastle has completed all her trials, and will be com- 
missioned at an early date. The 30 hours’ endurance trial 
was divided into two parts; the vessel was required to run for 
eight hours when developing about 18,000 shaft horsepower. 
With a mean air pressure in the stokehold of 1.22 inches and 
an average for all four propellers of 461.6 revolutions per 
minute, the shaft horsepower averaged 18,742, while the coal 
consumption was 1.65 pounds. The vacuum was 29.02 inches. 
The subsequent 22 hours of this run were to be at 13,500 shaft 
horsepower, and at the close it was found that under easy 
steaming conditions 14,038 shaft horsepower was maintained 
at 420.5 revolutions, the coal consumption being 1.85 pounds, 
and the vacuum 28.76 inches. On the full-power trial of 8 
hours’ duration the power averaged 24,669 at 518.2 revolu- 
tions, the coal and oil consumption being respectively 1.036 
pounds and 0.171 pounds per shaft horsepower. 

At each power six runs were made over the measured mile 
at St. Abb’s Head, and the results are tabulated: 


Mean revolutions....... 422.1 465.8 522.9 
Shaft horsepower....... 14,051 19,116 25,417 
Speed, knots........... 23,842 24,841 26,266 
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These results are most creditable, not only to the technical 
officers at the Admiralty, who are responsible for the design 
of the ship and machinery, but also to Sir W. G. Armstrong, 
Whitworth & Co., Limited, who built the ship, to the Wallsend 
Slipway and Engineering Company, Limited, who constructed 
the machinery, and to Mr. Andrew Laing, their managing 


director.—* Engineering.” 


The Brown-Curtis Turbine Installation in H.M.S. Bristol. 
—The trials of His Majesty’s second-class cruiser Bristol, 
completed on Tuesday last, mark a distinct step in the applica- 
tion of turbines for ship propulsion, as the system of propel- 
ling machinery adopted in this vessel differs essentially from 
that hitherto applied in British warships, and each success 
achieved contributes towards progress in the ceaseless and un- 
ending pursuit of efficiency. The application of the steam 
turbine to the propulsion of high-speed ships, particularly war- 
ships, has conferred great tactical advantages, apart altogether 
from the practicability of attaining speeds greatly in excess of 
those possible with piston engines, and apart also from the 
economy realized; and the great service the Hon. C. A. Par- 
sons has rendered to the Royal and merchant navies is there- 
fore universally acknowledged. In the future, as in the past, 
his genius and research work will evolve developments, and 
these, it is reasonable to assume, will be assisted by the work 
of others towards the same end—the advancement of the tur- 
bine system. The Bristol is the first British ship tried with a 
type of turbine other than that designed by Mr. Parsons; and 
the fact that so long a time has elapsed before such a trial was 
made, combined with the extent to which the Parsons system 
has been preferred in all maritime countries, affords eloquent 
testimony of the efficiency of that system. At the same time 
it justifies a lengthy review of the performance of the Bristol 
on her trials, and of the light which the results throw on the 
possibilities of the advancement of the turbine system as ap- 
plied to marine purposes. 

Attention may first be directed to the progress of turbine 
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propulsion. After a long series of experiments with land tur- 
bines, unexcelled in the history of mechanical engineering for 
their ingenuity and resourcefulness, Mr. Parsons produced his 
first commercially successful marine turbine in 1894 for the 
Turbinia, devoting research work with equal assiduity to the 
propeller problem. In 1899 the Admiralty first ordered an 
installation of turbine machinery of the Parsons type for the 
propulsion of a warship, and the results then got corroborated 
the marvellous performance achieved in the Turbinia, which 
was built for Mr. Parsons’ company. The British Admiralty, 
satisfied with the result, moved step by step, first in destroyers 
and next to the third-class cruiser Amethyst, built in 1905. 
The high economy attained by this vessel gave confidence to 
the technical officers, and afforded them full justification in 
recommending the adoption of the system in the battleship 
Dreadnought. Since then no British warship has been fitted 
with any other form of machinery than Parsons turbines. 
Foreign Governments have followed in the same lines, the 
Parsons turbine, by reason of increasing success 1ealized as a 
consequence of fuller experience, proving universally accept- 
able, alike from the standpoints of reliability and economy. It 
was only natural, however, that inventors of other turbines 
suitable for land work should endeavor to follow in the foot- 
steps of the pioneer in adapting their types for marine pro- 
pulsion, and equally natural that in other countries considera- 
tion should be given to the systems invented in such countries. 
Thus in America the system invented by Mr. C. G. Curtis se- 
cured favor along with the Parsons turbine. In France the 
Rateau system has also been considered, although not exten- 
sively applied. In Germany the Zoelly system has been tried 
to some extent. Patriotic considerations had something to do 
with the trials of alternatives to the Parsons turbine, but never- 
theless the latter is adopted in the great majority of warships 
throughout the world, as well as in high-speed merchant ships. 
Japan fitted the Curtis system to two battleships, but the de- 
cision to adopt this particular design was no doubt partly due 
to the fact that the hulls had been far advanced on the under- 
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standing that twin-screw reciprocating engines were to be 
fitted, and that when a change was decided upon in favor of 
turbines the Curtis arrangement was adopted because it was 
more adaptable under the particular circumstances named. In 
Germany, too, competitive trials were instituted, not only be- 
tween the Parsons design and the Curtis system, as manu- 
factured by the A.E.G., but also with other designs of turbines. 

The British Admiralty, always open to consider improve- 
ments which may conduce to advancement in efficiency, also 
decided to install other systems than that conceived with such 
genius, and developed with such painstaking care and exten- 
sive research work by Mr. Parsons. Consequently, when 
Messrs. John Brown & Co., Limited, took up the manufacture 
of the Curtis turbine and submitted designs and proposals of 
this system in connection with a cruiser of what is now known 
as the “ Town” class, the Admiralty were favorable to enter- 
tain seriously the trial of the system in such a vessel, and the 
Bristol is the result. 

The reasons which led the well-known Clydebank firm to 
take up the construction of this impulse type of turbine were 
“(1) the potential advantages of acquiring experience with 
a type of marine turbine capable of using superheated steam, 
as in land installations; (2) the attainment of economy at low 
powers, without the disadvantage of very close-fitting parts, 
and the extremely fine adjustments entailed thereby; and (3) 
the simplification of the connections and general engine-room 
arrangement, and also the expectation of attaining higher pro- 
peller efficiency by an increase in size of the individual pro- 
pellers.”’ 

The potential advantage of using superheated steam cannot 
be gainsaid. Highly economical results have been got on 
land stations, notably in connection with the generation of 
electricity by Parsons and other turbines, as well as piston 
engines. In connection with marine installations, however, 
there is a difference of opinion, not on the question of the 
economy attainable, but rather as to the reliability of super- 
heaters, due to the possibility of salt water getting into the 
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boilers and thence to the superheaters through leaky con- 
densers, with consequent corrosion and pitting in the super- 
heater tubes. 

Superheated steam, it should be recalled, is no novelty in 
the naval service, a fact which was dwelt upon in the lucid 
address which the Engineer-in-Chief of the Navy—Engineer 
Vice-Admiral Sir Henry Oram, K. C. B.—delivered in No- 
vember last, as President of the Junior Institution of En- 
gineers. In this he pointed out that from 1863 to 1870 “ Ad- 
miralty boilers were always specified to have superheaters, but 
they had thus only a brief career, and were abandoned in new 
ships at the later date, and did not reappear in the Navy” until 
the building of H.M.S. Britannia in 1904. This battleship, 
which had reciprocating engines of 18,000 indicated horse- 
power, was fitted with twenty-one Babcock & Wilcox boilers, 
six of which had superheaters incorporated in their design, 
with the result that, at cruising speed, when these boilers only 
were in use, the water consumption was 134 per cent. lower 
than when a corresponding number of boilers without super- 
heaters were in use. The actual amount of superheat was 93 
degrees F., with a gauge pressure of 200 pounds. Careful ob- 
servation was, of course, taken of the endurance of the boilers 
with superheaters, and, “ at the end of 34 years, although pit- 
ting was found to be taking place, the tubes were considered 
good for several years’ further service.” This fact was no 
doubt regarded as justification for the adoption of the system 
of superheating proposed to be installed in the Bristol. 

Preparatory to putting proposals before the Admiralty for 
the installation of Curtis turbines in a warship, Messrs. John 
Lrown & Co. decided to construct a complete installation for 
experimental purposes, in order to determine important ques- 
tions of detail in design. This procedure was further neces 
sary because the Admiralty are naturally opposed to the adop- 
tion in warships of any appliance which is more or less experi- 
mental, unless there has first been a complete demonstration 
of efficiency. The tests therefore carried out at Clydebank 
were not only to improve the design of the Curtis turbine, but 
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to establish the fact that in agreeing to the adoption of such 


a system in a warship the Admiralty might have good grounds # 
for anticipating that the results in the ship would be com- { 


parable with the marvellously successful attainments of the 
Parsons turbine. All the tests made at Clydebank with the 
experimental turbine were therefore carried out in the pres- 
ence of Admiralty officials, and many improvements or safe- 


ee a 


guards which they found desirable as the result of the experi- 
ence gained in these tests were incorporated in the design ot 
the machinery for H.M.S. Bristol. This prudent procedure 
adopted has been justified by the results which we are now 
able to record in connection with the official trials of the Bristol 
in which the same mileage per unit of water consumption has . 
been obtained as in the four ships of the same class which iy 
have preceded her, and which are fitted with Parsons tur- t 
bines, embodying the inventor’s latest improvements at the 
date of their construction. 

Sefore describing the Bristol, we may deal with the experi- 





mental researches carried out at Clydebank, as these had such 


a direct bearing on the evolution of the design of the Bristol’s 
machinery. It was recognized that the compactness, and the 


ee 


resulting gain in simplicity of engine-room arrangement and 


in the space occupied, which was claimed as the great advan- 
tage for the impulse type of turbine, had been partly obtained 


- . tf 
at the cost of economy—a fact apparent from the trial results s 
of the only two Curtis turbined ships then running—viz: the f 
‘ c ‘ . | 
Southern Pacific Company’s steamer Creole and the Ham- y 


burg-Amerika Company’s excursion steamer Kaiser. The 

Curtis turbine, as fitted in the Creole, of 8,000 total shaft F 
horsepower, had only seven wheel stages for driving the ship : 
ahead, and two wheel stages for going astern. ‘The turbines 

in the United States cruiser Salem, which were designed to 

give 16,000 shaft horsepower, but developed 18,000 shaft : 
horsepower, are practically duplicates of those fitted in the | 
Creole, differing only in the increased area through the sev- 
eral nozzles to suit the greater quantity of steam to be passed. 
The builders of these turbines thus demonstrated the great 
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flexibility of the Curtis system, in allowing turbines of so dif- 
ferent a power to be made from the same patterns, but they 
seem to have neglected the vital point of economy, and it is 
difficult to. understand at the present day how it could have 
been expected that the Salem’s machines with only twenty- 
two rows of moving blades in the ahead turbine would be com- 
parable in economy when running at high powers with the 
already fully developed Parsons marine turbines. 

The technical staff at Clydebank were confronted with the 
problem, solvable only by experiment, of finding from actual 
turbine tests the relation between the calculated and actual 
efficiencies, so that the precise number of stages and requisite 
blade velocities—and no more—were provided to ensure that 
the desired water consumption would not be exceeded, and 
that at the same time the advantages of compactness and sim- 
plicity would not be minimized. This had to be determined 
for both the ahead and astern turbines, and at the experi- 
mental station this research work was carried out, and the 
design of the turbines of the Bristol evolved. 

The experimental plant had to be erected in a shed close to 
the banks of the River Clyde, to obtain a ready supply of cir- 
culating water. The two boilers were of the Babcock & Wil- 
cox marine type, fitted with superheaters. Arrangements were 
made for disconnecting the superheater, so that comparative 
tests of the turbine could be made with saturated steam. 

The turbine shaft was prolonged to work through a water 
brake, giving a constant resistance, although not sufficiently 
precise in construction to measure satisfactorily the power. 
Letween the water brake and the turbine, therefore, a torque 
shaft was interposed, and on this was fitted a Hopkinson- 
Thring torsionmeter, which was officially calibrated, and was 
checked before and after each day’s trial. The condenser was 
of the Weir “ Uniflux”’ type. 

The first Curtis turbine designed and built for experiment 
by Messrs. John Brown & Co. was precisely on the lines of the 
Creole, except that the number of wheel stages was increased 
from seven to eleven in order to improve the economy. ‘This 











SHIPS. 1301 
turbine had thirty-four rows of moving blades in the ahead 
turbine, and illustrated very well the compactness and ample 
blade clearance and other general features of this type. 

In ships fitted with this wheel-stage type of turbine prac- 
tically the entire thrust of the propeller is taken on the thrust 
block, as in reciprocating-engined ships. While the first ex- 
perimental turbine was being built, it was therefore decided to 
make the necessary new parts for the second arrangement of 
turbine, in which a drum replaced the last four wheel stages, 
so that by utilizing the steam pressure on the end of this drum 
the thrust of the propeller could be balanced. Incidentally also 
the substitution of this drum for the later wheel stages enabled 
a greater number of rows of blades to be obtained with the 
same over-all length of turbine, eighteen as compared with 
twelve. The total number of blade rows was thus increased to 
forty—a number required at the designed blade velocity to 
keep the water consumption per shaft horsepower below 13 
pounds, with a superheat of about 50 degrees F. 

For further experiment and comparison, a second drum 
carrying blades of the reaction type was built, and the second 
drum, a new section of casing, together with the same early 
wheel stages, were combined to give this third experiment. 
Comparative tests were made between the all-impulse and the 
impulse-reaction types ; but the difference in the results was in- 
appreciable, and the all-impulse design was accepted, with the 
requisite increase in the number of rows of blades, to be re- 
ferred to later. 

The same thorough course of development was carried out 
with the astern turbine wheels, the first arrangement having 
two-wheel stages, very similar to those fitted in the United 
States cruiser Salem. The results of the experiment on these 
two-stage arrangements showed a very poor efficiency; con- 
sequently a very short impulse drum was. added, with a re- 
sultant improvement. In order, however, to meet the Navy’s 
requirements of developing with the astern turbines a power 
equal to half the ahead power of the main turbines, it was 
requisite that the steam consumption should be brought down 
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to about 25 pounds of steam per shaft horsepower, and, to at- 
tain this, it was found necessary to still further lengthen this 
additional drum. 

Figure 1 gives a curve of the final results obtained as a mean 
of several repeated runs, in the presence of Admiralty officials. 
These results apply to the second experimental turbine. It 
will be seen that at one-fifth power the steam consumption 
with a very moderate superheat was only 17.9 pounds per 
shaft horsepower per hour. At half power this figure was 
reduced to 14.2 pounds, the degree of superheat being still 
very moderate. At 75 per cent. of the total power the con- 
sumption was only 13.4 pounds, whilst at full power, with the 
slightly greater, but still low, superheat of 50 degrees F., the 
steam consumption was 12.9 pounds. 

“BROWN -CURTIS * EXPERIMENTAL TURBINE. 


CURVE SHEWING STEAM 
CONSUMPTION FOR TURBINE ONLY AT VARIOUS 





Horse 


Fig. 1. 


Fig. 2 is interesting, as it shows the gain obtained from the 
use of superheated steam as compared with the consumption 
with saturated steam. The results conformed well with the 
well-known assumption that for every 10 degrees of super- 
heat 1 per cent. gain in economy is obtained. It will be seen, 
however, that the line is slightly curved, the gain being rather 
more for the few degrees of superheat than for the higher rate. 
This is in full conformity with the experiments by Knoblauch 
and Jakob, which showed that near saturation the specific heat 
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of superheated steam was considerably more than at still 
higher temperatures. 

The results obtained in the final astern trials, with a super- 
heat of 50 degrees F., are as follows: With full boiler power, 


? 


1,403 shaft horsepower with 23.05 pounds water consump- 
tion; with half boiler power, 577 shaft horsepower with 27.45 
pounds water consumption per shaft horsepower per hour. 
The actual results attained on the trials of the Bristol were 
equally favorable. With half boiler power and with the tur- 
Lines developing 4,390 shaft horsepower, the water consump- 
tion for the turbines and all the auxiliary machinery was 35.5 
pounds per shaft horsepower per hour, the degree of super- 
heat being 40 degrees F. With all the boilers in use, the shaft 
horsepower was 12,450, with a steam consumption for all pur- 
poses of 28.2 pounds per shaft horsepower per hour, and for 
the main turbines only 23.9 pounds per shaft horsepower per 
hour, the degree of superheat being again 40 degrees F. 


IN 





$ Fah! Superheat. 


Fig. 2. 


As regards details in design which were evolved during the 
experiments, special note may be made as to. the turbine-spindle 
glands. It was found that the original stuffing box could be 
materially simplified on the lines of the design of the British 
Thomson-Houston Company, of Rugby. The packing con- 
sists of five carbon bushes placed in separate grooves and held 
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together by springs, a leak-off or steam supply being provided 
between the second and third rings. 

And now we may turn to the Bristol and the results of the 
official sea trials. The Bristol, like other ships of the class, has 
a length between perpendiculars of 430 feet, a breadth of 47 
feet, and, at a mean draught of 15 feet 3 inches, the displace- 
ment tonnage is 4,800. The boilers, twelve in number, of the 
small-tube Yarrow type, are arranged in three separate boiler 
rooms. Each boiler is fitted with a very simple arrangement 
of superheater. The total grate surface is 830 square feet, the 
total generator heating surface 45,366 square feet, and the 
total superheater heating surface 3,720 square feet. At full 
power the boilers burn oil as well as coal, but on all the other 
trials only coal was allowed, and no difficulty whatever was ex- 
perienced at any time in obtaining an ample amount of dry 
steam. 

The Bristol’s machinery consists of two Brown-Curtis tur- 
bine units, each self-contained and entirely independent of the 
other, and each situated in a separate engine room, together 
with the whole of the auxiliary machinery appertaining to it. 
This makes a particularly roomy and easily-worked arrange- 
ment for the ship’s staff. There are seven velocity-compound- 
ed impulse wheels; that at the high-pressure end has four 
rows of moving blades, while the remaining six have each 
three rows. At the low-pressure end, on a drum mounted on 
wheel discs on the shaft, there are twenty-three rows of blades 
of the impulse type. These, of course, are pressure-com- 
pounded only. Thus there are in all forty-five rows of blades 
as compared with forty in the second experimental engine of 
the same type. The blades are of the usual cold-drawn brass. 
The astern turbine is constituted by two impulse wheels, each 
with five rows of moving wheels, followed by an impulse 
pressure-compound drum, with seven rows of blades. 

The two condensers are each placed in the wings in a sep- 
arate watertight compartment, in which there is no other ma- 
chinery whatever; so that even if these compartments were 
pierced and flooded no difference would be made to the work- 
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ing of the engines. The condensers are of the well-known 
Weir “ Uniflux” type, which have been fitted in the whole of 
these vessels. 

The program of official trials to be carried through was pre- 
cisely the same as those of the other ships: a 30 hours’ en- 
durance trial—22 hours at 13,500 shaft horsepower, and 8 
hours at 18,000 shaft horsepower—and a full-power eight- 
hours’ trial, the designed power being 22,000 shaft horse- 
power, for which the legend speed was 25 knots. There were 
also trials at progressive powers, astern, and other maneuver- 
ing tests. 

First, with regard to the speed attained, the following gives 
for the various trials the mean power on the trial and the 
mean speed attained on the runs on the measured mile made 
during each trial: 


TABLE I.—Powers and Speeds of H.M.S. Bristol on Official 


Trials. 

Mean power Mean speed 

throughout on measured 
trial. miles. 
SIRF. Knots. 
fe eye re ry ees 1,839 12.96 
4 eee Co hee bh dad peo cee 4,910 17.66 
SR TE his ok nk 6 ae eee 9,417 21.17 
eT ay RAST RENREA es ap 19,130 25.17 
Sa ROGGE CHR ect Tee 14,300 24.06 
S hours’ trial, full power........... 24,227 26.84 


Table II gives the speed on each of the six runs made on the 
ineasured mile on the eight-hours’ full-power trial. 

The true mean speed, determined by the Admiralty formula, 
is thus 26.84 knots, the mean power on the eight-hours’ trial 
being 24,227 shaft horsepower. 

The speed attained on the full-power trials of the ships of 
the class have varied but slightly, and generally in conformity 
with the power developed, although differences in the design 
of propellers, and possibly in weather conditions, have had 
something to do with these variations. The average of the 
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mean power on the eight-hours’ trial for the four preceding 
ships was 23,800 shaft horsepower, and the average of the 
true mean speeds attained on the measured mile 26.13 knots, 
speeds ranging from 25.8 knots to 26.296 knots. In the case 





of the Bristol the power—also on the eight-hours’ trial—was 
24,227 shaft horsepower, and the speed on the measured-mile 


runs 26.84 knots. 


TABLE II.—Speed on Six Measured-Mile Runs on Full- 
Power Trial, September 27, 1910. 


ee ee Poe Tey Te ee te 26.47 | 

20.35 

Bia ect a chee is do 8b 8 eb ine dds 26.239 J . 

he A aed eR ae Op ee Bae tebe bs 27.191 

3 i? + 26.92 

ia sigh atha dna sa W- Wea Heke Cees 4 ed 26.647 | , 

Sy ieee hewsies/ eng hehe chs ed e4wes 27-4391... 

Dartsieue inaee ca we ens wh hoes ait 26.647 ) °°" 4 


On the trial at 18,500 shaft horsepower again, the average 
of the mean powers on the eight-hours’ trial of the four pre- 
ceding ships was 18,650 shaft horsepower, and the average of 
the true mean speeds on the measured-mile runs, 24.98 knots. 
The power on the corresponding trial of the Bristol was 
19,130 shaft horsepower, and the speed 25.17 knots. 

On the twenty-two-hours’ trial the Bristol’s mean power 
was 14,300 shaft horsepower and the measured-mile speed 
24.06 knots, while the average of the mean powers of the four 
ships on the whole run was 14,016 shaft horsepower, and the 
average of their measured-mile speeds 23.56 knots. 

Water consumption results are plotted on the diagram, Fig. 
3. The most noteworthy point is the very large saving in the 
total steam consumption ensured by turning the exhaust from 
the auxiliary engines into the low-pressure end of the turbine. 
The practical effect of this is that for a large range in power 
the steam consumption of the auxiliaries is reduced by half, so 
far as the demand on the boilers is concerned. The diagram is 
further interesting because it shows the large steam consump- 


tion of the auxiliary machinery. Running with open exhaust 
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the auxiliaries take rather more than one-fifth of the total 
steam supplied for all purposes at full power. There is thus 
once more emphasized the great importance of working with 
closed exhaust, which discounts to a considerable degree the 
thermodynamical inefficiency of auxiliary machinery. It will 
be seen also that the increase in consumption between full 
power and half power is moderate, the curve being very flat. 
Taking the results for the turbines only, the steam consump- 
tion at one-fourth full power is about 16 pounds per shaft 
horsepower per hour, which a few years ago would have been 
considered a very favorable figure for reciprocating engines 
even at three-quarter load. At three-quarter power the con- 
sumption of the turbines was 12.7 pounds, and at full power 
12.2 pounds. The significance of this last figure is established 
by reference to the improvement in the efficiency of the tur- 
bine machinery in recent years. 


4.M. 





Horse 
Fig. 3. 


In 1907 a consumption of about 134 pounds of steam per 
shaft horsepower for the main turbines only was considered 
most satisfactory for battleship machinery. The turbines of 
subsequent ships were, however, gradually improved after ex- 
perience, with the result that, in Sir Henry Oram’s paper al- 
ready referred to, it is stated that the average steam consump- 
tion of the later battleships has been very slightly over 13 
pounds per shaft horsepower for the main turbines. In the 
still larger turbines, of 41,000 horsepower, of the Jndomitable 
class, the remarkable economy of slightly over 12 pounds of 
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steam for the main turbines was recorded. It was, therefore, 
decided to design the turbines for the Bristol with sufficient 
expansions to ensure the steam consumption not exceeding 124 
pounds for the main turbines alone at full power—in the ex- 
pectation that the higher propeller efficiency resulting from 
the relatively large twin-screw propellers installed should give 
« combined propulsive result equal to what might be expected 
in her sister ships fitted with Parsons turbines. That these 
results have been attained on actual trial is remarkable evi- 
dence of the correctness of the calculations and the reliability 
of the data on which they were based. The actual steam con- 
sumption was 24 per cent. less than that for which the turbines 
were designed, an approximation to the anticipated result, 
which establishes the value of the research work done, and the 
accuracy of the scientific methods adopted. 

In Table III there is given the steam consumption for the 
turbines of the Bristol at various powers, and alongside the 
figures the corresponding trials of one of the sister ships fitted 
with Parsons machinery. 


TABLE III.—I/Vater Consumption per Shaft Horsepower Hour 


(Main Turbines Only.) 


Brown-Curtis Parsons tur- 
turbined ship. bined ship. 


pounds. pounds. 
18,000 shaft horsepower............. 12.65 12.1 
UD En 5 ck wines mad ne beens eed 12.2 11.75 
8,800 shaft horsepower............. 14.1 13.6 
4,400 shaft horsepower............. 17.8 15.8 
1,600 shaft horsepower............. 24.6 24.7 


The trend of the steam curve would be very similar if plotted 
for both ships, the Parsons turbine, however, showing the 
higher efficiency. This difference is discounted by the higher 
efficiency of the propellers of the Bristol, rendered possible, 
no doubt, by the adoption of the two-shaft system instead of 
the four-shaft arrangement in the other ships, and the conse- 
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quent better disposition of the screws relative to the hull of 
the ship. Fig. 4 shows the miles run per ton of steam con- 
sumption for all purposes. This measure of efficiency appeals 
more to the tactician, as it determines the radius of action, the 
water evaporated per ton of coal being a fairly constant unit. 
The radius of practically all the ships, apart altogether from 
the type of turbine used, is about the same as in the Bristol. 
At full speed—0.122 mile per ton of water evaporated; at 
three-quarter power (giving the continuous sea steaming 
speed} 0.25 mile; and at 13 knots, the usual cruising rate, 
0.50 mile. While the performance of the Bristol and her ma- 





q STEAMING 
COMSUMPTION IN MAIN 





(1946.6) inves . 
Fig. 4. 


chinery, viewed from every point of view, is thus highly favor- 
able, it is reasonable to assume, especially as this is the first 
Brown-Curtis installation, that further developments will be 
made and still higher efficiency be achieved with the experi- 
ence gained, as has been the case in successive Parsons tur- 
bine installations. As it is, the Bristol, like all the other ships 
of the class, has proved exceedingly satisfactory alike as re- 
gards efficiency of machinery and total propulsive efficiency, 
the lines being specially designed for high speed. On this 
point Sir Philip Watts, K. C. B., the Director of Construc- 
tion at the Admiralty, is to be congratulated, while engineers 
will greatly appreciate this further proof of that policy of ad- 
vancement which so characterizes Sir Henry Oram, K. C. B., 
the Engineer-in-Chief of the Fleet—‘ Engineering.” 
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The Brazilian destroyer Sergipe left Messrs. Yarrow’s yard 
at Glasgow October 24th, to start on her voyage to Brazil. 
The Parana left in the preceding week. These two vessels are 
the last of the ten destroyers ordered by the Brazilian Govern- 
ment from Messrs. Yarrow, and their departure witnesses the 
completion of a most important and efficient addition to the 
srazilian Fleet. It is interesting to note that in spite of the 
firm’s move from London to Glasgow during the early part of 
the execution of this contract, the vessels have been delivered 
some months before the contract date. 


Yarrow Boilers for British Warships.—lIt is not long since 
that the idea was entertained that the small-tube boiler was 
only suited for small ships, on the somewhat simple theory 
that big ships needed big-tube boilers, and small ships required 
small-tube boilers. The remarkable results got with these 
boilers led to the trials of them in a modified form for larger 
ships, and these modified boilers have proved most satisfactory. 
Where high air pressure is desirable, the small-tube boiler still 
holds the field, as so-called Express boilers in torpedo craft and 
the smaller high-speed cruisers, but similar types have been 
introduced into ships of the line, the tubes being made some- 
what larger. Thus in destroyers the diameter of the tubes 
varies from 1 inch to 14 inches, while in the larger ships the 
diameter is 14 inches, which is the standard size recommended 
by Messrs. Yarrow. Other modifications, of course, have 
been made, the most recent, by Messrs. Yarrow, being to pass 
the feed water through the outer tubes, where the water is 
heated before it enters the steam-generating tubes proper. At 
the same time any sediment or grease is deposited in these 
outer tubes, where it is least harmful, with the result that the 
tubes nearest the fire are not only more efficient, but have 
greater durability, in view of the absence of incrustation and 
deposit due to the saline matter and oil in the feed water. A 
return has recently been issued showing the number of Yarrow 
boilers fitted in warships since 1905, including those now being 
built, and it is a striking fact that the number of battleships 
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and cruisers so fitted is thirty-one, with a total horsepower cf 
804,285, whereas the number of battleships and cruisers fitted 
with other boilers is fifteen, with a total horsepower of 393,- 
804. We have thus in four years built large ships with a total 
horsepower of practically 1,200,000, of which two-thirds is 
developed by steam from Yarrow boilers. Since 1907 fifty- 
eight torpedo-boat destroyers have been fitted with Yarrow 
boilers, the total horsepower being 795,500; this is a very large 
proportion of the total of seventy-three vessels, of 994,000 
horsepower, laid down within three years. 


Vessrs. Yarrow & Co., of Glasgow, have just received an 
order for a high-speed motor boat for service at Buenos Aires. 
The vessel will be 60 feet long by 9 feet beam: propelled by 
five sets of internal-combustion engines of the Yarrow- Napier 
design, of approximately 300 total horsepower, designed to 
give her a speed of 2545 knots. She will be practically similar 
to the Mercury I], built by Messrs. Yarrow for the British 
\dmiralty. It may be remembered that His Late Majesty 
King Edward and a Royal party went for a trip in the Solent 
in the Mercury IT during Cowes Week, 1906. 


Australia—Two destroyers, the first of the new Navy of 
the Australian Commonwealth, sailed in September from 
England after completion of their acceptance trials. These 
vessels represent the latest practice in torpedo-boat destroyers, 
and have a length between perpendiculars of 245 feet, a 
breadth molded of 24 feet 3 inches, and a depth of 14 feet 9 
inches, their displacement being about 700 tons. The ma- 
chinery is of the Parsons type, driving triple screws, with a 
ligh-pressure and two low-pressure turbines for steaming 
ahead, and corresponding arrangements for going astern. 
There are also high-pressure and intermediate cruising tur- 
bines. The three boilers are of the Yarrow type, using oil 
fuel. On the full-power trials the Paramatta, which was the 
first vessel tried, attained a mean speed for eight hours of 
26.869 knots, when the turbines were developing 11,212 shaft 
horsepower, while the Yarra, on the same length of trial, 


4 tie eA 2 


tear? 


eRe HIE SD 














SHIPS. 





1312 


Maintained a mean speed of 27.08 knots, with about the same 
shaft horsepower. The mean of the two fastest runs, with 
and against the tide, was 28.5 knots. In both cases the de- 
signed speed was 26 knots, so that the steaming performance 
was thoroughly satisfactory. Equally favorable were the re- 
sults attained on the endurance trials. The contract required 
that the radius of action at 14 knots with a given quantity of 
oil fuel should be 2,500 nautical miles, but the consumption 
was so low as to enable the vessel to steam at this rate for 
nearly 3,000 nautical miles. 

The armament includes one 4-inch quick-firing gun on the 
forecastle. One satisfactory feature of the 4-inch gun is that 
the gunner on each side (one for rotating and the other for 
elevating and laying the gun) is on a platform which rotates 
with the gun. There are three 3-inch 12-pounder quick-firing 
guns. These guns are on the upper decks, one on each side 
and one aft; they can all fire on either broadside. In addition 
the vessel carries on the upper deck three 18-inch torpedo- 
tubes. 


Canada’s Navy.—It is expected that the contracts for the 
construction of all the ships of the Canadian Naval Service 
will be awarded in October or November, and that the keels 
will be laid within a year from then. The intervening time 
will be required to get the building yards in readiness. The 
notice recently sent out to ship-building firms on the Admir- 
alty list for tenders for the construction of four cruisers of an 
improved Bristol class and of six destroyers has elicited replies 
from three Canadian and two British firms. It is not improb- 
able that there will be an alliance between certain Canadian 
and British interests in that connection. Canada has decided 
that all the new ships shall be built in the Dominion. Pend- 
ing their completion the Dominion Government has purchased 
trom the Imperial Government the cruisers Niobe and Rain- 
bow. The Rainbow sailed for Esquimalt on the 20th August. 
She will be stationed in British Columbia waters and take 
part in the fisheries protection service. The Niobe, after un- 
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dergoing some alterations, will probably sail to the Gulf of 
St. Lawrence, where she will be used for training purposes, 
with headquarters at Halifax. When the Niobe has served 
her period of usefulness as a training vessel on the Atlantic 
she will become the parent ship of the destroyers. The Rain- 
bow, as already explained, is outside the ordinary naval pro- 
gram, being primarily intended for fishery service, but at the 
same time she will serve as a training vessel on the Pacific 
Coast, and no doubt later on will become parent ship to the 
destroyers which will subsequently be built on the Pacific. It 
is not intended at first to divide the destroyer force, but to 
keep it together on the Atlantic Coast. The cruiser squadron, 
however, will be divided between the Pacific and Atlantic sea- 
boards. In the case of both the Niobe and the Rainbow the 
Imperial Government have afforded great facilities in lending 
officers and getting the crews together.—‘‘ The Engineer.” 


Canadian Naval School.—According to recent information 
there was to be opened in October, at Halifax, a Naval School 
for Cadets of the Canadian navy. The number of midship- 
men will be 30. The cadets will remain two years, after which 
they will become midshipmen, and will then go to sea for two 
years. After these two years of service as midshipmen those 
who have demonstrated their fitness will be appointed sub- 
lieutenants. After such appointment it is a question for the 
future whether in order to give greater development to their 
practical instruction they will be assigned to vessels of the 
British navy. 


TURKEY. 


Our Constantinople correspondent informs us that the com- 
mittee having in hand the reorganization of the Turkish fleet 
has decided to order four destroyers and buy two large mer- 
chant vessels. These last will be used in the transportation 
of pilgrims to Mecca, and on the conclusion of this service, 
will be turned over to the Navy for service as transports. 
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It is also announced that on account of the early entry into 
service of the Greek armored cruiser Aberroff, the Turkish 
Government desires to buy one or more battleships. Those 
which have been ordered in England will not be ready before 
at least two years. With this object in view. the Turkish 
Government inquired of the great naval powers if they were 
willing to dispose of any of their naval vessels to Turkey. 
Germany alone responded to this appeal, and offered to sell 
two battleships of the Brandenburg class. After long nego- 
tiations, the two Governments came to an understanding, the 
price for the two vessels being fixed at 22,500,000 francs. The 
Weissenburg and the Kiirfurst Friedrick Wilhelm, which are 
the two vessels sold, have the following characteristics: Dis- 
placement, 10,060 tons; length, 108 meters; beam, 194 meters ; 
draught, 7.4 meters; armor, 400 millimeters; armament, six 
280-millimeter guns, eight 110-millimeter, eight 88-milli- 
meter; engines, 10,000 horsepower; speed, 17 knots.—‘‘ La 
Vie Maritime.” 


[t ts reported that the Ottoman Government are about to 
place an order for battleships with the Armstrong group. The 
only point which has not yet been settled is whether one or 
two ships shall be ordered. The same informant confirms the 
statement of the “ Tanin” with regard to the decision of the 
Government to buy no more old warships, and adds that an 
order for fifteen or twenty merchant vessels will shortly be 
placed in England.—‘ Page’s Weekly.” 
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The Georgian, Kentuckian and Honolulan.—These vessels 
were constructed recently by the Maryland Steel Company 
tor the American-Hawaiian Line. They are each of 6,100 
tons gross, and their general dimensions are: Length over all, 
429 feet 2 inches; breadth, molded, 534 feet; depth, molded to 
shelter deck, 39 feet. There are three complete steel decks, 
fore and aft peaks, and forward and after deep tanks. There 
are four tanks in the double bottoms arranged for carrying 
fuel oil or water ballast and two for carrying fresh water. 
Seven watertight bulkheads, all extending to the upper deck, 
and the after peak extending to the shelter deck, make these 
vessels practically non-sinkable. The Georgian and Kentuck- 
ian have accommodations for 24 passengers, and the Hono- 
lulan for 48, which together with the officers’ and crew's 
quarters are in steel deck houses above the shelter deck and in 
the after upper ‘tween decks. A refrigerator room is located 
on the upper deck immediately aft of the engine house. The 
dining saloon is in the forward end of the shelter-deck house 
and is finished in quartered oak with paneled ceilings. 

These vessels are capable of carrying 8,600 tons dead 
weight on 27 feet mean draught, and maintain a sea speed of 
11 knots loaded. Special rooms are provided in the lower 
‘tween decks for bonded freight. The equipment for handling 
cargo is right up-to-date. There are three cargo ports on each 
side of the upper and shelter decks, also a small port in the 
coal bunker for carrying case goods while the ship is burning 
oil. The steam windlasses, winches, capstans, tillers and aux- 
iliary tillers, with engine actuated by a telemotor from the 
steering house, pilot house and flying bridge were all fur- 
nished by the Hyde Windlass Company of Bath, Me. The pas- 
senger rooms are fitted with General Electric portable electric 
heaters. 
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The propelling machinery in each ship consists of a quad- 
ruple-expansion engine of the vertical, inverted, direct-acting, 
surface-condensing type, with cylinders 25, 36, 52 and 76 
inches in diameter by 54 inches stroke, besides a complete 
equipment of auxiliary machinery. The boilers are of the 
single-ended Scotch type, three in number in each vessel, 15 
feet 9 inches in diameter by 12 feet 3 inches long between 
heads, and built for working pressure of 215 pounds of steam 
per square inch. Each boiler has four 40-inch furnaces of the 
Morrison suspension type, with separate combustion chambers. 
There is also a donkey boiler of the Scotch type for harbor 
use. The furnaces are equipped for burning fuel oil, but 
there are the necessary fittings to enable the boilers to be con- 
verted into coal burners at will. A suction fan gives ventila- 
tion to the hold. 

The Kentuckian and Georgian will run between New York 
and Puerto, Mexico, and the Honolulan between San Fran- 
cisco and Honolulu.—*“ International Marine Engineering.” 


The new Southern Pacific liner E/ Occidente was launched 
by the Newport News Shipbuilding and Drydock Company 
September 24. This vessel is the last of four to be built for 
the Southern Pacific Company, E/ Sol and El Mundo being 
in commission and E/ Oriente is now nearing completion. 
These vessels are 410 by 53 by 36 feet and of 5,700 gross 
tons. 


Largest Ship to Be Dismantled——The Shenandoah, the 
greatest American wooden ship ever built, or that ever will be 
built, is lying at Pier 38, Atlantic Dock, New York, 127 days 
out from San Francisco. She cost $184,000, twenty years 
ago, but was sold recently for $36,000, to be cut down into a 
barge to carry coal along the Atlantic Coast. Her twelve 
thousand square yards of canvas have been unbent for the 
last time. Her main truck is 192 feet above deck and her 
main yard is ninety-six feet in length. She is four-masted 
with six yards on each of her fore, main and mizzen masts, the 
jigger mast being rigged with fore-and-aft sails. She was 
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brought here by Capt. James Murphy, who, like the ship, hails 
from Bath, Me., where she was built by the Sewalls along with 
the Roanoke, Rappahannock and the Susquehanna. Two of 
these were burned and the other foundered at sea. Captain 
Murphy took her out on her maiden voyage from San Fran- 
cisco to Havre with 5,164 tons of wheat on board. Five other 
ships sailed at the same time in the 14,000-mile race, but the 
Shenandoah beat the nearest one by eight days, some of the 
others being thirty and forty days behind the winner.—*“ Ma- 
rine Journal.” 


The Fore River Shipbuilding Company, Quincy, Mass., 
launched the tank steamer Carrier for the Cuba Distilling 
Company, September 20. This vessel is 370 by 52 by 224 
feet and is the first to be built in Massachusetts in fifty years 
for the foreign trade. - She will run between Cuban and 
United States ports. 


Transatlantic Steamers with Diesel Engines —The Ham- 
burg-American Line is building two freight ships equipped 
with internal-combustion engines, for service between New 
York and Hamburg. ‘The vessels are of 8,000 tons displace- 
ment each, and each will have two 1,500-horsepower engines, 
giving them a speed of about 124 knots. This will be the first 
time that this form of propulsion has been applied to vessels of 
such size. The engines are being built by the Maschinen Fa- 
brik Augsbourg Company, and are of the Diesel type, using 
the heavier grades of fuel oil. The oil can be carried in the 
double bottoms of the ships, doing away with coal bunkers and 
boiler rooms. There is thus effected great saving in space and 
weight, and the vessel is made more efficient as a cargo carrier. 
The engine-room force will be materially reduced. There will 
be no stokers and few oilers, as the bearings will be lubricated 
automatically, the oil being filtered and used continuously. It 
is expected that the vessels will be ready in 1912, and, if suc- 
cessful, will be followed by a passenger ship, propelled by the 
same method. 
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BEN. WOOD. 


If our obituary were under the caption of Benjamin Frank- 
lin Wood its designation would probably not be nearly so well 
recognized as under that of Ben. Wood. 

Chief Engineer Ben. Wood was a character, and will long 
be remembered in the service. He was born in New York in 
1836, and learned the trade of machinist at Fletcher & Har- 
rison’s in New York City. He was naturally gifted in en- 
gineering, and, though never a great student nor a man of 
scientific pretensions, he was possessed of that quality known 
in his day as “‘gumption.” He could see into a millstone as 
far as the wisest man, and, with his rule in his hand, could 
tell very closely what the diameter of a shaft should be or 
the amount of draft a key should have, and you might figure 
on it an hour without being able to prove the error, if it 
existed. 

He was a man of great resource. When the double ender 
Sassacus \ost her steering gear in a storm, and the vessel was 
in danger, “ Ben.” improvised a temporary rudder which 
served its purpose. This was not until other improvisions 
had failed. 

During the Civil War “ Ben.” served on board the Lancaster 
in the Pacific, afterwards on the monitor Lehigh and on the 
double-end gunboats Sassacus and Mohongo, in the North 
Atlantic Squadron. After the war had ended he served in the 
monitor Dictator ; at the New York Navy Yard; on the flag- 
ship Zrenton; at the Morgan Iron Works, and again at the 
New York Yard. ‘ Ben’ was promoted to bea Chief Engineer 
in 1883, and did inspection duty at Chester, Penna. After 
that he served on the old Aearsarge ; in the European Squad- 
ron; on the Osszpee; in the N. A. Squadron, and finally at the 
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Continental Iron Works, Brooklyn, where the so-called torpedo 
boat Alarm was being altered. He was retired in 1892. 

Personally ‘Ben’ Wood was a prepossessing man, with 
very handsome dark eyes, fine features and very dark hair, 
which never turned gray. He was a reticent man, though 
rather pugnacious. He was a “stickler” for what was right, 
but, when beaten, always accepted the result, and was never 
vindictive. 

‘‘ Ben” was a model husband, a good son, a good father and 
a good citizen. He was abstemious to a fault, temperate in 
his living as in his acts. He was ever regarded as a “‘ good 
shipmate,” and those who had sailed with “‘ Ben” were glad 
to sail with him again. 

Life is short, and in it we are seeking pleasure in our youth 
and comfort in our old age. Among our shipmates we look 
for men of capability, integrity and amiability. Ben. Wood 
possessed the essentials of these, and it is a pity that he could 
not have lived longer. G. W. B. 


CHIEF ENGINEER WILLIAM B. BROOKS, U. S. N. 


The death of Chief Engineer William B. Brooks, U.S. N., 
which occurred at Erie, Pa., August 23d, was not unexpected. 
Mr. Brooks had been suffering with a cancer for several years, 
and his friends knew, as he did, that his days were numbered. 

Mr. Brooks was born in Richmond, Va., where he was edu- 
cated, and where he served an apprenticeship in the Trede- 
gar Iron Works as a machinist. He served a term also in 
the pattern shop, and was in the draughting room severai 
years. He became an excellent draughtsman, and was on 
important designs when, in 1852, he was warranted a Third 
Assistant Engineer in the Navy. Few young men of his day 
were better qualified to enter the Navy as an Engineer. It 
must not be forgotten that no books were then to be obtained 
on mechanical engineering. Every engineer was obliged to 
make his own text books, and it is not too much to say that 
the engineers of his day were pioneers. 
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Mr. Brooks’ first duty was on board the Michzgan, the only 
U. S. vessel then on the great lakes. He was promoted to 
Second Assistant Engineer in 1855, and was ordered to the 
San Jacinto, the flag ship of the Asiatic Squadron, which took 
out the first U. S. Minister to Japan. He was promoted to 
First Assistant Engineer in 1858, and sent in the Paraguay 
Expedition, on board the improvised gunboat Vew York, as 
acting Chief Engineer. The entire expedition was made up 
of improvised vessels, such as could be purchased for the oc- 
casion. Many of them were of doubtful seaworthiness at 
that time, and would now be condemned on sight. 

Mr. Brooks was promoted to Chief Engineer in 1861, and 
ordered to the Prook/yn, one of the formidable vessels of 
Captain D. G. Farragut’s Squadron. Though a Virginian, 
coming from a Virginia ancestry dating from before the Rev- 
olution, he was loyal to the Government and remained faith- 
ful to the cause of the Union. He served in all the great 
battles of the Western Gulf Blockading Squadron, from the 
capture of New Orleans to the surrender of the fleet in Mobile 
Bay. It wasa time when we had men to fight, and men who 
put up a gallant fight. 

When the war had ended he was sent to the steam sloop 
Sacramento for a cruise in Chinese waters, but that fine vessel 
was wrecked on the coast of Hindustan and all hands were 
returned to the United States. He next served in succession 
as Chief Engineer of the Navy Yard at Portsmouth, N. H.; 
as Fleet Engineer of the European Squadron, on board the 
Franklin with Farragut; then as Chief Engineer of the Wash- 
ington Navy Yard; as member of the Engineer Examining 
Board, and as Fleet Engineer of the North Atlantic Squadron 
under Rear Admiral Jouett. His last duty previous to retire- 
ment was at the Richmond Locomotive Works (successor to 
the Tredegar Iron Works), where he superintended the build- 
ing of the engines for the battleship 7exas, from the designs 
of a Scotchman. He was retired in 1892. 

Mr. Brooks was personally a very handsome man, even in 
his old age. He was a universal favorite in society, and on 
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board ship was held in high esteem and much looked up to. 
He was a quick and ready sketcher with his pencil, and ac- 
cumulated a great variety of notes and sketches. He had 
many warm personal friends in official life, among whom was 
President Hayes. He leaves a widow and one son, Major 
Brooks, of the U. S. Engineers (Army), whose wife is the 
daughter of Major General John M. Wilson, late Chief of 
Engineers, U. S. A. G. W. B. 


REAR ADMIRAL CHARLES R. ROELKER. 


Rear Admiral Charles R. Roelker died at his home in 
Washington on the night of September 28th of pneumonia. 
Thus one more of the men of mark in the old Engineer 
Corps disappears. ) 

Admiral Roelker was born in Germany in 1841, where he 
received an academic education. He came to this country 
immediately after being graduated, and found employment in 
the draughting room of the De Lamater Iron Works, in New 
York, where his older brother was superintendent. He was 
a Greek and Latin scholar, and had no difficulty in becoming 
proficient in English. 

He entered the Navy as a Third Assistant Engineer De- 
cember 27, 1862, and was at once ordered to the Susquehanna. 
He saw further service during the Civil War on board the 
Sonoma and Nipsic and in the draughting room of the Bu- 
reau of Steam Engineering. He was promoted to Second 
Assistant Engineer in 1864, and to First Assistant in 1868. 
He served on board the Za//apoosa, Frolic, Fortune, Shenan- 
doah, Franklin and Congress, and again in the Bureau of 
Steam Engineering. 

In 1882 he was granted three months leave of absence, 
which period he spent in Europe, mostly in Germany. He 
always said he was an American by preference, not by acci- 
dent, as were those of us who were born here, but after his 
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short sojourn in his native land, where he found so few of his 
old friends, and those who were left had grown away from 
him and his interests, returned to the United States with 
renewed enthusiasm for his chosen country. 

When the Advisory Board was created, in 1882, Mr. 
Roelker was detailed in charge of the draughting room of 
that Board, where he was responsible for the designs. This 
duty was continued until 1887, when the Board’s work was 
finished, and he was ordered to the deep-sea exploring ship 
Albatross. He was promoted to the grade of Chief Engineer 
(rank of Lieutenant Commander) in 1890, and was ordered to 
superintendent of construction of the machinery for the 
cruiser Ralezgh, on the completion of which duty he served 
as chief engineer of that vessel for three years. His next 
duty was that of a member of the Board of Inspection and 
Survey. 

He was promoted to the rank of Commander (in the En- 
gineer Corps) in 1899, and, later, his rank was changed, by 
law, to that of commander in the line of the Navy. He be- 
came Captain in 1902, and, on the 23d of September, 1903, 
was retired with the rank of Rear Admiral. 

Mr. Roelker continued on duty after his retirement, under 
the Attorney General and under the Bureau of Fisheries. 
Later he served as senior member of a Board in connection 
with the revision of general rules and regulations prescribed 
by the Board of Supervising Inspectors of the Steamboat 
Inspection Service. 

The subject of this sketch was one of the finest draughts- 
men in the corps, and could use the brush with the same 
facility as the drawing pen. He also made the distinctive 
design (propeller and foul anchor) used by the Bureau of 
Steam Engineering; and when the corps was attacked by 
certain newspapers he suggested many effective points in its 
defense. He was a member of the American Society of Na- 
val Engineers and contributed several valuable papers for our 
journal. 

He was popular wherever he served, made warm friends in 
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every ship, and was a modest, diffident man, reticent and 
sensitive. 

A musician of a high order, he could play difficult music 
on the piano at sight and with a touch that was charming. 

His duty on the Board of Inspection, which took him on 
many trial trips, was severe on a man of his age and size, for as 
he grew older he became rather stout ; his duties on trial trips 
kept him much in the engine room, which was always hot, 
and the change to a cool atmosphere several times gave him 
severe colds which came near resulting fatally. He was an 
uncomplaining man, so that few ever knew of his sufferings. 

Mr. Roelker’s home life was beautiful. When his children 
were small his Sundays were spent with them in the woods 
or at the seashore, where it was his pleasure to teach them to 
collect and to be interested in plants, butterflies, etc., and to 
talk about things, not about people. He married the daughter 
of Dr. Porter, a physician in Georgetown, who survives him 
with three sons and three daughters. 

Mr. Roelker had a remarkably retentive memory. In his 
early days, when the literature on mechanical engineering 
was very small, it was the custom for engineers to make their 
own books and formulae, and fill sketch books with drawings 
of anything at all likely to be useful tothem. While the rest 
of us were saving our sketches Mr. Roelker simply remem- 

_ bered his and could reproduce from memory what he needed. 

Though apparently phlegmatic he was really a nervous 
man. He seemed so eager to conceal his infirmities that, at 
times, he appeared apathetic. G. W. B. 


FREDERICK MERIAM WHEELER. 


Frederick Meriam Wheeler died September 15th at his 
suinmer home, Westhampton, Long Island, of heart disease, 
in his sixty-second year. Mr. Wheeler was born in Brooklyn. 
His father, John Wheeler, a native of England, married Jane, 
eldest daughter of Francis W. Meriam, of Brooklyn, a direct 
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descendant of Joseph Meriam, who came to America on the 
good ship Casé/e in 1638, and settled in Concord, Mass. 

Mr. Wheeler was graduated at Summit Academy, N. J., 
and subsequently attended the Polytechnic Institute, of 
Brooklyn. He studied mechanical engineering for four years 
under Henry J. Davison, of New York City—one of the most 
noted mechanical engineers of this country. -He afterward 
took up hydraulic and marine engineering as a specialty, and 
for over thirty-four years was associated with the George F. 
Blake Manufacturing Company. He was a director and sec- 
retary of the Company, and later a director of the Interna- 
tional Steam Pump Works, which corporation absorbed the 
Blake Company, the Worthington and other hydraulic works. 
Mr. Wheeler was the inventor of the Wheeler patent surface 
condenser, which is largely in use throughout this country 
and abroad, and is in extensive use by the United States 
Navy. It is also used for testing and laboratory work in 
nearly all the mechanical institutions and schools of tech- 
nology throughout this country and Europe. Mr. Wheeler 
organized the Wheeler Condenser and Engineering Company, 
whose works are located at Carteret, N. J. Mr. Wheeler has 
also been officially connected with the Ludlow Valve Man- 
ufacturing Company. He was one of the charter members of 
the American Society of Mechanical Engineers and the So- 
ciety of Naval Architects and Marine Engineers. He was a 
member of the Engineers’ Club and was for many years an 
Associate Member of the American Society of Naval En- 
gineers, taking an active interest in the affairs of the Society. 
He served as a member of the Advisory Council of the En- 
gineering Congress at the Columbian Exposition. After 
leaving Brooklyn, his native city, Mr. Wheeler came to Mont- 
clair, and married, in 1876, Florence, the eldest daughter of 
the late Charles K. Willmer. 

Mr. Wheeler was prominent in social circles in Montclair 
for many years. He was the founder of the Montclair Eques- 
trian Club, which subsequently became the Montclair and 
Essex County Country Club, in Orange. He was also one of 

















BOOK NOTICE. 1325 
the founders of the Outlook Club, and one of the early mem. 
bers of the Montclair Club, and for many years on its board 
of directors. While assisting in the various public improve- 
ments from time to time, the subject which interested Mr. 
Wheeler most was that of public parks for Montclair, which 
subject he agitated for many years until it became a reality. 
In other public matters he was also heartily enthusiastic, and 
had always worked in the interests of good government. In 
church matters he served on the vestry of St. Luke’s Episco- 
pal Church for many years, and was a member of the original 
building committee of the present church edifice. 

Mr. Wheeler is survived by Mrs. Wheeler, two daughters 
and two sons. ‘The daughters are Beatrice Molineux, now 
Mrs. L. H. Spier, and Gladys Willmer. The sons are Knight 
Willmer and Cottrell Corbett Wheeler. 
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PRINCIPLES OF WIRELESS TELEGRAPHY.—By GEORGE 
W. Prerce, A. M., Ph. D. McGrAW-HILL Book Co., New 
York. 

This is an excellent practical treatise of 328 pages, in which 
the history and development of the art is treated in detail. 
The descriptions are scientific enough to convey a clear idea 
of the subjects treated, but they are not too technical, nor the 
mathematics too involved, to be understood by the average 
student. ‘The book is well illustrated, and is recommended 
to readers of the JOURNAL who desire to study the underlying 
principles of wireless telegraplhy, without having to hunt 
through a maze of technicalities. 
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ASSOCIATION NOTES. 


On Tuesday, October 4, 1910, a regular meeting was held 
at the Navy Department, Washington, D. C., at which nomi- 
nations were made for officers of the Society for the coming 
year, as follows: 


For President : 
Engineer-in-Chief H. I. Cong, U. S. Navy. 


For Secretary-Treasurer : 
Lieutenant Commander U. T. HoimgEs, U. S. Navy. 
Lieutenant Commander JOHN HALLIGAN, 


For Members of Council: 
Rear Admiral GEORGE W. Bairp, U. S. 
Engineer-in-Chief C. A. MCALLISTER, U. 
Captain R. S. GRIFFIN, U. S. Navy. 
Commander C. W. Dyson, U. S. Navy. 
Commander W. STROTHER SMITH, U. S. Navy. 
Commander EMIL THEIss, U. S. Navy. 
Commander W. W. WHITE, U. S. Navy, Retired. 


A voting slip has been mailed to each member, and, as 
stated therein, the votes will be opened and counted at the 
Annual Meeting of the Society, to be held at the Navy De- 
partment, Washington, D. C., at 4:30 P. M., Friday, December 
30, IQI0. 





